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In modern electronic machines the time required for the execution
of arithmetic operations, including that for the access to the operator
storage. has been considerably reduced to get expressed nowadays in
millise<conds.

At the same time the problems of speeding-up the process of input
and in particular that of output of information has not been completely
solved yet, which deficiency adversely effects the rate of execution of
thewhole scope of operations.

While elaborating the machine the designers were faced with the
problem of making a most appropriate choice of the method and means
for input-output of information. The required speed of input of data and
output of calculation results may be determined at programming of
standard problems to be solved in the machine. In this connection the
following can be stated:

If the information input-output does not coincide in time with the
execution of calculating operations in the machine, the operational speed
of external devices, in view of reducing losses in time, should be close to, or
commensurable with, the speed of access to the storage.

Another major demand is the condition that the time required for data
input-output be as short as pos sible and commensurable with the time used
up for arithmetic operations. In up-to-date machines the time of access to
the operator storage provided with magnetic cores is within the limits of 4
and 20 microseconds.

Consequently, with 6-digit cells the storages may yield as much as
1,000,000 to 2,500,000 characters per second.

The speed of recording and read-out of information from the magnetic
tape is in the limits from 10,000 to 90,000 characters per second. The speed
of electrical printing devices may attain several thousands of lines per second,
or, in case of a multidigit device, up to several scores of thousands of
characters per second, Consequently, the speeds for both methods of output
are commensurable with the speeds of access to storages. When evaluating
external devices from the point of view of the commensurability of the time
required for input-output and the arithmetic operations, it is necessary to
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discern the time needed for solving accounting and statistical problems
and that taken by the solution of mathematical problems.

The first case is characterized by a great bulk of input-output
information and requires relatively high speeds of external devices.

In the second case, the processing of data introduced into the
machine is more time-consuming and the use of input-output devices
operating at minor speeds will but slightly increase the total time used
up for the solution of the problem.

This is why in the case of high-speed computers used for commer-
cial analysis the provision of electromechanical means at the input and
output does not prove reasonable and devices for conversion to magnetic
tape are to be applied to.

This statement, however, is not always true for machines used for
solving mathematical problems.

In order to reduce the time during which the storage gets switched
out of the computing processes for information input-output, it is sometimes
feasible to introduce an intermediate storage which will enlarge the scope
of use of electromechanical external devices.

Such are the requirements set before the external devices by the
computing means and storages. It seems reasonable to evaluate now were
it but in a few words the available devices used for input-output of
information.

The punched card, as a recording medium has a history covering as much
as nearly a hundred of years. The possibility of concentrating on a single
punched card all the data relating to one object under account and also the
presented hereby convenience in sorting and storing the materials have gained
for the punched cards a large scope of use, especially for accounting and
statistical purposes.

At the same time, the punched card being a rather massive item, a
considerable acceleration of its speed encounters some difficulties. This
especially counts for the case where provision has been made for card punches
at the machine output, since punching requires periodical stoppages of the
card. A technical rate of 150 to 250 cards per minute is likely to be the utmost
one in this case. Considerable technical speeds may be obtained in card

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/02/27 : CIA-RDP81-01043R003400230002-3



@ 50-Yr 2014/02/27 : CIA-RDP81-01 043R00340030002-3

Declassified in Part - Sanitized Copy Approved for Release

-3

punches in which a relative rest (repose) of the die-punches system and

of the punched card is achieved on account of a swinging die. The obtention
of an output of 300 to 350 cards per minute for such punching devices is a
matter of the nearest future.

If at the machine input provision is made for punches equipped with
photo-electric reading, the limit rates are higher and fall within 1,000
and 2,000 cards per minute.

Though the feed of the punched tape encounters less difficulties than
that of punched cards, and the related masses and track lengths of separate
members may be adopted rather insignificant ones, the output of information
from the machine is usually at a quicker rate than the output in the form of
perforations on tapes. At the present time tape punches ensuring an output
rate of up to 200 lines (characters) per second are under development.

In case tape punches are used for information input, rates of 800 to
1,000 characters per second may be achieved.

Speeding-up the output of results in printed tabular form, in the event
of electromechanical devices used, necessitates, in the majority of cases,
the solution of problems bearing upon the paper feed and the reduction of
the mass of separate members actuated in the course of printing.

The technical rates of modern electromechanical, alphabetical-numerical
printers reach 600 to 1,000 lines per minute,

In case nonmechanical printers are used, the printing speed may be
increased up to 2,000-5,000 characters per second.

In addition, it is possible to make use, for input-output of a magnetic
taper with preliminary transcription, outside the machine, of information
from punched cards and tape to magnetic tape, as well as from magnetic tape
to punched cards, punched tape and printed tables. Since at a tape speed of
up to 3.7 m/sec. and a density of record up to 25 characters per min the speed
of recording and read-out reaches 90,000 characters per second. The above
method of output has nowadays found wide application.

It seems worthwhile to consider the applicability, in computing machines,
of devices dealt with before (see Table 7).
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The technical speed of card punches at the input reaches 900 to 2,000
cards per minute. (In the case of Dematic and Transac models--2,000 cards) .

However in the majority of cases computers are encountered yielding an
output of 200 to 400 cards per min. The speed of card punches at the output
does not exceed 100 to 200 cards per minute. The operational speed of tape
punches with photo-electric reading is as much as 850-1000 characters
per second. The speed, however, of the same devices at the output in the
overwhelming number of machine types falls within 25 and 60 characters per
second and only in a few models reaches 200 to 300 characters per second.

The technical speed of printers is as high as 900 lines per minute in the
case of the numerical-alphabetical alternative, and 1,200 to 1,500 lines per
minute in the numerical version. In most computers there are employed type-
writers and teletypes having a technical speed up to 10-20 characters per
second.

Having made such a general outline of today's information input-output
devices, we may proceed to consider, in a more detailed way, the possibilities
of speeding-up the operation in some of these devices.

The electromechanical printers present the following advantages:

a) The characters are being printed on paper not subjected to special
pretreatment;

b) The received document requires no further processing;
c) Obtention of clear printing;

d) Simplicity of design.
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TABLE I

Item Machine name Punched Punched Printers Teletypes Magnetic

No. Card Tape and Type- Tape
Devices Devices Writers

I. Big-size Input 1200 lines/ Storage

Electronic »200 min. 4x30,000
Computer Numbers/ numbers,
(cm) Mih.

Electronic Input 100 lines/ Keyboard Storage
computer 1200 min, with punch 200,000
model numbers/ 43 binary
"Strela" min, digits

Output

600

numbers/

min.

Electronic Rod type Keyboard Storage
computer printer having a
model "Ural" 19 digits capacity of
100 numbers/ 40,000
min. numbers
36 binary
digits

Input: 150 Typewriter Magnetic tape-
250 lines/min, to-punched cards
cards,/min., 120 and punched cards
Output: digits -to-magnetic tape
100 converters
cards/min,
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7.

Transac
2000

Datamatic

Input:
200

cards/min.

Output:
100

cards/min.

Input:
200

cards/min.

Qutput:
100

cards/min.

Input:
900

cards/min.

Qutput:
100

cards/min.

Input:
200
charact-
ers/sec.
Output:
50
charact-
ers/sec.

Input:

1000
charact-
ers/sec.
Output:

60 charact-
ers/sec.

Input:

100
charact-
ers/sec.
Output:

10 charact-
ers/sec.

900

lines/min.

120
digits

900

lines/min.
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Typewriter
10-charact~
ers/sec.
Teletype-10

characters/sec.

Typewriter
10-charact-
ers/sec.

Typewriter

Punched cards-
to-magnetic
tape and magne-
tic tape-to-
punched cards
converters

Punched tape-to-
magnetic tape
and magnetic
tape-to-punched
tape converters.
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In electromechanical computers bar and rotation type devices have
been made use of. As calculations have shown, in the latter case the
great masses of members running at unconstant speeds involve great inertia
forces, which limit the speed to within 80 and 150 lines per minute.

At the development of high-speed electromechanical printers, three
major kinds of printing were discerned:

a) Matrix type printing;

b) Helix type printing:

c) Printing on the fly, i.e., printing by means of hammers, striking
through the paper and tape, against a constantly rotating printing wheel.

The matrix printer, in its simplest form, may be conceived as built-
up of bars in a quantity of 7 x 5 = 35 bars per digit.

The inconvenience with such a device lies in its great number of
components. Its advantages are the following: the line is being printed
with all bars striking simultaneously; the printing speed is independent of
the number of characters. The number of components in one digit may be
reduced if a linear matrix with five bars is adopted, and the character is
printed at each seven strikes.

Matrix printers may attain a printing speed of 900 lines per minute.

In the Helix type printers, the characters in one digit are printed by
a rod actuated by some electrical means. The character is shaped of points
which are obtained at intersections of the rod with one of the threads of a
rotating multithread screw.

In devices operating on the principle wprinting on the fly" the hammers
strike through the paper end tape, @ constantly revolving wheel, bearing
engraved therein characters.

The main factor determining the possible technical speed of a printer with
a constantly revolving printing wheel is the time during which the hammer
remains in contact with the wheel at printing (t contact) .

It is worthwhile to determine the relation of t contact to the contact
speed (Vcontact) and the weight of the hammer.

B
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At the first approximation, there was determined the contact period
of steel balls hitting a plane surface (Tmax.) .

The weight of the balls was adopted close to the presumed weight
of the hammers.

In Table 2 are given the values of T 5« @S determined experimentally.

The obtained values of Tmax may be checked by calculation, using
the following Herz equations, known from the theory of elasticity.

amax
Thmax = 2,9432 -~ e . (1)

(2)

Tmax =
At a constant speed of contact and at m, >> Ifli
Tmax =~ B2 m; 1/3
Tmax = = Bg R,
where Vo -~ is the contact speed
m, and Rl the mass and radius of ball
Kl and K2 coefficients depending on the material and the size of the ball

Bz and B3 constant coefficients.

In Table 3 are given the results of calculation for T according
. max
to equation (1).
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Duration of impact of steel balls against @ steel bar (as measured)

-

Dia. weight, Duration of impact, milliseconds

of gr 485 443 396 243 284 198 140
ball cm/ cm/ cm/ cm/ om/ cm/ cm/
mm sec. _SsecC. sec. sec. _secC sec. Sec.

13 9.80 37 41 42 42 44 45
10. 5.50 29 32 34 36 38 39

1.09 16 17 18 19 20 22
0.84 13 13 14 15 16 17

0

7. 2.25 23 24 25 26 27 28
6

5

TABLE 3
(COMPUTED)

35.6 37.6 37.4 39.0 41.8 44.8
29.4 30.0 30.9 32.2 34,5 37.0
21.8 22.3 23.0 23.0 25.6 27.5
7.1 17.5 18.0 18.8 20.1 21.5
15.7 16.0 16.5 17.2 18.4 19.7
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As may be seen by way of comparison, the results of the experiment
come pretty close to the calculations made using the Herz equations,
in the case of small steel balls striking a plane surface.

The Herz formulas for the determination of Tmax. have been obtained
for quadratic equations of the unstrained bodies surface and a small region
of compression in relation to the total surface of the bodies.

Taking as a basis the research work carried on recently by Staerman
I.Y. and N.A. Koltchevsky we may develop the following equation for the
determination of Tpgx, in the case of two solids of revolution hitting directly
and centrally on condition of 2, —3X o; where " n " is the order of equations
for unstrained surfaces of colliding bodies.

0,5

1 ' (7)
T — —_— e e e
max ‘T[Kl KZJ

where K1 and K, are constant coefficients.

2
A higher order of equations for the surfaces of unstrained bodies
signifies that a greater tightness of contact has been achieved at the impact.

Consequently, the case of the impact described by the equation (7)
comes closer to the impact of the hammer against the type wheel then the
event of the ball hitting a plane.

As may be seen from the equation (7) at n—% © - T does not
max.
depend from the contact speed Vo‘

As another approximation to the determination of the contact time at the
impact of the hammer against the type wheel, there was made a calculation
according to the formula (7), with the result obtained Tmax = 24 microseconds.

The duration of hammer and printing wheel contact (t contact) cannot be
determined by way of calculation.

Major difficulties arise here for the reason that the field of contact between
these two bodies is restricted by the cylindrical surface of the hammer and for such
a case the Herz assumption of the small field of contact between colliding bodies
is not valid.
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Moreover, the calculation is complicated by the fact that the type
wheel has not a smooth cylindrical surface, since it bears engraved
characters, and also by the hammer striking the type wheel through the
paper.

The experimental determination of tecontact Was made for steel
and brass hammers weighing 0.6, 0.8, and 1.2 gr respectively at rates of
contact from 485 to 198 cm per sec.

Measurements were made of toontact both for the case of direct
impact of hammer against type wheel, and for the case of impact through
paper.

In Table 4 are given rounded mean arithmetic values of tcontact for
a hardened steel hammer weighing 0.84 gr.

TABLE 4.

Contact speed

cm/sec. 396 343 284 198
Time of contact, 39 40 39 42
milliseconds

For hammers weighing 0.6 and 132 gr at same changes in the contact
speed, toontact correspondingly increases from 26 to 27 microseconds,
and from 63 to 66 microseconds.

For cases where a steel ball weighing 0.84 gr hits the type wheel
through a sheet of paper and carbon paper, tcontact @t a decrease of the contact
speed from 485 to 343 cm/sec., changes from 55 to 65 microseconds, and
in the case of a hammer weighing 1.2 gr--from 75 to 85 microseconds.

The results of measurements of the time during which the hammer remains
in contact with the type wheel, have allowed to make the following conclusions:

1) The statement made earlier about the hammer operating at printing
in conditions close to those of a resilient impact, has got confirmed.
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The time of bodies contact at impact changes in the following way:

Body

weight,

gr

Contact Time of

speed contact

cm/sec milli-
sec.

Collision of steel
ball with plane

Collision of two
solids of revolu-
tion at an initial
contact of the
order of 2

Collision of steel

hammer with type

wheel without

super 0.84

Ditto, through a
sheet of paper 0.84

13

485 55

As measured

As calculated

As measured

2) At the impact of a hammer against the type wheel with no paper
medium, there is observed an insignificant, (less than \’ Ve ) inverse
relation of the contact time, which is in harmony with the equations (3) and

(7).

3) A direct relation between the contact time and the hammer weight

has been observed.

The energy of the hammer, was determined necessary for obtaining
a clear impression of the character on one or several documents.
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Number of impressions

Energy in ergs for
ensuring clear
impressions 25,000 35,000 55,000 70,000

The optimum weight of the hammer with the view of obtaining sufficient
energy and lot tcontact is equal to 0 .7-0.9 gr.

During the time the type wheel turns over the circumference are not
bearing any characters ( treset ), the following steps should be completed:

a) return of the hammer and armature into the initial positions;
b) paper feed;
c) condenser charging.

The time of return of the hammer into its initial position was experi-
mentally determined as equal to 2.5-5 milliseconds.

The time for charging the condenser may be rather small to last 5-7
milliseconds.

The time necessary for paper feed cannot be less than 10-12 milliseconds.

At investigations and in realized models a rather short operational time
of electromagnet has peen achieved (0 .0-1.2 milliseconds) .

such a short duration of electromagnet action allows for the hammer to
develop on the short track (approx. 1.3 mm), a speed attaining as much as
0.4 m/sec. and to obtain an energy of 40,000 to 50 ,000 ergs which is sufficient
for printing gseveral documents.
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Moreover, with a short duration of electromagnet action the amplitude
of dispersion of the characters in the line is reduced.

When proceeding to a computation of the printer, the following conditions
are to be satisfied:

1) Printed characters must not get blurred.
Vj t contact = 0,20 (8)
where Vi =~ = the circumferential speed of the wheel in mm/sec.

2) A clear print is to be obtained

m related v2 contact A (9)

2 -~
where m related - is the related mass of the system connected
with the hammer;

v contact - the speed of the hammer at the moment of
contact;

A - energy in g/cm. required for obtaining a clear
print.

3) Repetitive printing is to be ensured.

The time necessary for the return of the system of mechanical
members and electrical components into their initial positions should
be less than the t . oets assigned in the print cycle.

From the inequalities indicated before there was developed the
equation for the determination of the minimum time required for printing
one line:

T lines/min = teontact 0__8_2 2 characters + feset (10)

where S = the space between the characters on the circumference of the
type wheel.

= number of characters.
characters
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From the equation (8) there may be calculated the maximum circum-=
ferential speed for the type wheel, at which no blurring of characters occurs.

0.20
AY = > = 4000
k 50100

From the equation (10) there may pe computed the minimum time required
for printing one line.

mm/sec.

"' lines/min = 50-107° 0 52 _ 10 +0,010 = 22,5°107° sec.

which corresponds to @ speed of print equal to 44 lines per sec.

At the computation it was assumed that teontact = 50 microsec.
7. characters = 10 treset = 10 milliseconds.

Obviously, the feasible limit printing speed in a digital printer of the
type described earlier is of the order of 30 to 35 lines per sec.

When computing punches have an intermittent card feed, a cyclogram
is plotted for the punching of one perforation.

On the cyclogram there is plotted the coincidence in time of three
processes: interposer's operation perforation of the card by the punch;
and shift of the punched card to the following position.

‘When a suitable design is adopted, the operational time for the
interposer may be reduced to 3-4 millisec. and the punching time to 2-3
millisec.

The motion of the card is impeded not only by inertia forces, but also
by friction against brushes. Experiments have shown that in cases where the
card was freed of the force of friction against brushes, it could be imparted
an acceleration of the order of 280 m/sec”. This means that under most
favorable conditions the card feed requires as much as 8 to 10 milliseconds.

The total duration of the cycle of punching one perforation is 15-18
milliseconds which corresponds to a technical speed of 220 to 250 cards per
min.
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1f instead of the card feed with stoppages a continuous card feed
is used and a swinging die is introduced into the reproducer's design, the
two first components of the cycle (i.e., the time of interposer's operation
and the punching time) will remain unchanged. The time which in the first
alternative was spent on the card feed, will be replaced now by the time
required for the return of the die and punch into their initial position.

Laboratory researches have shown that the total duration of the cycle in
the case of the reproducer having a swinging die may be reduced to 10-12

milliseconds, which corresponds to a speed of 320 to 350 cards per minute.

Nonmechanical Means of Recording

The trend towards an increase of the printer's capacity leads to the
utilization of nonmechanical methods of printing. At the present time different
nonmechanical physical principles are known, upon which high-speed print-
ing mechanisms are being developed.

1. Electrochemical Method of Recording

According to this method recording is obtained by means of a metal
electrode entering into mechanical contact with the surface of paper impreg-
nated with an electrolyte. The other side of the paper contacts with a plate
serving as the second electrode.

To the electrodes is applied a voltage pulse. The current passing
through the paper provokes electrolysis of the electrolyte with which the
paper is impregnated, and also a chemical colour reaction, i.e., @ change in
the colour of the paper at the point of contact of the electrode with the paper.

An obligatory condition being at the same time a great disadvantage of
this method is the necessity of working with humidified paper. With this
method of recording there may be used both point electrodes and electrodes
having the form of numerals or letters.

There are a goodly number of compositions of electrolytes for paper
impregnation, allowing to obtain characters of different colours.
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The electrochemical method of printing allows to print at a rate
of 100 characters per second and necessitates a 20 to 100 mA. current
flowing through the working electrode.

As to the quality of paper used for the electrochemical method of
printing the requirements are contradictory: on the one hand, the paper
must be sufficiently friable and hydroscopic so as to ensure good humidifi-
cation necessary for the electrochemical reaction; on the other hand it
must be strong enough and have a smooth surface to ensure good contact
and ready gliding of electrodes.

2. Spark-Discharge Method of Printing

This method of signal recording or character printing is founded on
the phenomenon of electric discharge occurring at high voltage, between
two electrodes.

Two main processes are known.
a) Breakdown of a layer of paper placed between two electrodes;

b) Breakdown of a layer of air between two electrodes disposed on
one side and close to the paper surface.

In the first case the signal recording is obtained in the form of a
through hole with burned edges, and in the second case by darkening of the
paper surface in the vicinity of the electrodes.

Electrospark recording, as per method (a), necessitates either the
use of very thin and, consequently, rather flimsy paper, or of very high
tensions. A rather high power consumption and the occurrence of dispersed
breakdown points owing to nonuniform electrical properties of the paper
surface make this method unfeasible for matrix type printing.

Electric spark recording according to method (b) involves lower tensions
and power consumption as compared with the method (8) , but requires periodical
regulation and cleaning of electrodes.

The electric-spark method allows to obtain rates of recording of 1000
cycles per sec. and requires the application of tensions of the order of
5 kw.
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3. Electrothermal Method of Recording

For this method a special double-layer paper is used. The first
layer is made up of highly carburized paper. One side of the paper is
covered with a thin light-gray colored film of special composition. Recording
is effected on this side of the paper.

The film is current sensitive, as its finest particles burn-out under
the thermal action, of the electric current, and reveal the black surface
of the carburized paper layer.

The electrothermal paper does not need any treatment after recording,
and proves sufficiently stable to the effect of light, heat, and humidity.

At the motion of the electrode over the surface of the electrothermal
paper in the intervals between pulses, the electrodes may shift some carbonaceous
matter and the surface of the coating between the characters may be polluted.
Thanks to the possibility of obtaining small-sized characters from one
electrode (approx. 0.5 mm), matrix type printing of numerals and letters may
be adopted.
As the working electrode there may be used tungsten, platinum, or
platinum-irridium wire, 0.3 mm in diameter. The electrode should be
resilient and provide the required contact pressure.

The main advantages of the electrothermal method are the following:

1. Comparative simplicity of character recording, not requiring further
treatment.

2. Great speed of printing (over 1000 c.p.m.).

3. Small size of characters obtained from the electrode, allowing to
use matrix type printing of numerals and letters.

4. Comparatively low operation voltages.
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The disadvantages of the method are:
1. Comparatively high cost of the paper.
2. Evolving of flame and smoke at printing.

4. Photographic Method of Recording

The essence of this method of recording numerals and letters is
the following: the results of the problem solution in the form of electric
signals, are directed into a decoder which transforms them from a coded
system into a decimal one; subsequently the signals are transferred into
a device which forms the light signals in the decimal system.

These signals are photographed on film by means of a special
camera, the film is developed, dried, and from the negative a print is
made on photo paper with subsequent development, fixation, and drying.

If the film is of high sensitiv: y and the formed light signals are well
illuminated, enormous speeds of recording on film may be obtained (several
thousands of characters and more per second). This allows, in some cases,
to achieve synchronous operation of the printer and the computer.

Disadvantages of such method of recording are high costs and long-
time procedure for transforming the results of the problem solution into a
form convenient for visual inspection. This is why the method has not found wide
application.

As examples of utilization of such method of recording may be cited
photo printing devices in machines models 59 CM "Strela" as well as
some models manufactured by foreign firms.

Further development of the photographic method of recording has
become feasible thanks to presently devised methods of dry photo printing.
So the introduction of the silk-screen method of printing in combination with
a cathode-ray tube of special design, permits to devise printing mechanisms
operating at a rate up to 10,000 characters per sec.
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Electrostatical Method of Recording

The electrostatic method of recording provides for printing characters
on special electrostatic paper, this being common paper covered on one
side with a dielectric layer.

The process of printing by this method is in three stages.

1. Deposition of an electrostatic charge onto the paper surface by
means of electrodes to which a certain potential is applied. The electrodes
may be disposed so as to make up a matrix, or a row, but may also be made
in the form of numeral or letter types, etc. The potential applied to the
electrodes generates electric charges on the paper surface, the arrangement
of the charges corresponding to the latent image of a character.

2. Development of the latent image of the character by means of

colored resin powder having an opposite charging current and sticking to the
paper surface at the points of charges.

3. Fixation of the character image by heat treatment, at which the
particles of the colored resin powder are melted, forming a mechanically
strong and light proof image.

Since in the course of printing there is no contact between the paper
and the electrodes, the electrostatic method of recording may be characterized
as a non-contact method of printing, to its great advantage in comparison
with the electrochemical or the electrothermal method. Moreover, this method
allows to obtain rather high. speeds of recording and has a great power of reso-
lution.

We have worked on the development of printers designed on the latter
principle.

The electrostatic printer comprises the following main units:

1. Electronic circuit converting the binary-decimal code into a certain
sequence of pulses reaching the printing unit;
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Printing unit, made up of cylindrical electrodes arranged in a

Developing unit;
4. Fixation unit;
5. Tape feeding mechanism

The electronic circuit is made of a decoder at the output of which
a certain combination of pulses is obtained, ensuring the printing of
characters by way of matrix type printing.

The design of such a circuit, essentially, does not meet any diffi-
culties and may be realized by different well known methods.

Pulses obtained at the decoder output are amplified and directed
into the printing unit.

The number of electrodes in the printing unit depends on the adopted
form of character scanning and of the quantity and arrangement of the
characters. The most expedient form of character scanning ensuring the
obtention of a clear print and a minimum number of scanned elements is
S5x7.

In the development unit the fields of the tape having electrostatic
charges are being covered with a developing powder.

Researches have shown the expediency of using a developer consisting
of two components:

a) coloured resin;
b) quartz sand.

This method of development is based on the tribo effect which consists in
the formation of electric charges at mutual friction of small particles of different
matter. The tested tribe-electric couples have allowed to obtain electrostatic
charges with a sign ensuring negative energizing of quartz sand and positive
energizing of resin powder. At the passage of the tape bearing electrostatic
charges on its surface through such a composition, particles of coloured resin
having a positive charge, under the action of the field of negative charges
on the tape, come to stick at the points of these charges.

Ky
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Tests conducted with this method of development have shown that
the quality of the numeral image obtained is quite satisfactory. Moreover,
the possibility of using a loose mixture not liable to turn into powder, allows
to considerably simplify the design of the developed unit.

The character image obtained by this method has proved unstable and
could be easily rubbed off the paper. Therefore it needs fixation. A heating
element serves for the fixation of the image.

The 12-digit electrostatic printing device developed at the Institute for
Scientific Research of Computing Machines ensures a printing rate of 1000
numerals per second.

Wwith these few considerations on the electrostatic printing device let
me conclude the brief outline of some of the design principles and technical
means to be used for the development of high-speed input-output devices.
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METHODS OF LOGICAL, RSCURSIVE AND
OPERATOR ANALYSIS AND SYNTHESIS OF AUTOMATA
By
Yu.Y. BASILEVSKY, Yu.A. SHREIDER, I.T. AKUSHSKY,
Institute for Scientific Research of

Electronic Xathematical Machines,
Moscow, U
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An automat may be reFarded as an operating simulator of a

sysiem interacting with the environment and, consequently, as

o similator of a discrete control process. The study an solu~-
tion of the problen of simulatin§ a real system is a complex
rocess, which involves? the selection of essential character-
\stics of the system and its interaction with the environment ;
the approximate description of the system by means of the
totality of characteristic features, either algorithm, or
gtructure; the analysis of the obtained information and its
transformation into an opiimum system of logical funct ions;
the synthesis of a real sutomat using a cer ain system of
physical components, executing logical functions.

Ano ther alternate approach of the problem is the simula-
tion of & real system (or control process) in the form of a
process in an au omat with a prese structure, endowed with
many degrees of freedom.

In this case, it is desirable that the apalysis of the
gysten data be reduced to & certain optimum algorithm and
dismember it_into independent blocks executed in the automat
by means of logical circuits or & program,

The development of digital computer logics and the enploy=
ment of the machine for handling the information belong to
problens of this kind.

The solution of the proble. of anal¥sis and synthesis of

automata may be performed on the basis ol different formel

descripticns.

The present paper deals with three alternate approaches
to this problem: ~the calculation of logical functions of
time, the analytical medium for the presentation of recursive
func{ions and the operator representation of the process in
the automat.

Para.l. AUTOMATA AWD LOGICAL FUNCTIONS OF TIME

As an anpalyticul medium for the presentation and analysis
of logical features we use the calculus of logical time
functions (1), pressu posin% that the %rocesses of data con-
version occur discretly in ime while their description is
related to the current moment, the origin.

Fron here takes its source the method of the process
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grehistory description, expressed in terms of time delays. To
he zero operations on two-xalged variables is added the
operation of time shift ( 7" ) and relation of logical in-
oquality ( Lsy, Tr<y¥ ).

In relation to any formula, built-up of two-valued vari-
ables by means of introduced operations, the time shift
responds to the distribution law.

Over words of equal length, composed of two-valued vgr%-

ables are intro_ducsed interdigit o?eratigns of negation ( X

crogsover ( XAy conjunction {XVY and time shift

( D"X )s Besides, the operation is used for cycle shift of

the word o¥erxa pseset number of digits to_the left, or to

he rsi,ght R*X ") and_of the relation of logical inequality
XsYy X<y ). In relation to any formula, built up

of words of e%ual length by means of iniroduced operations,

;c)h%.time shift and cycle shift respond to the law of distri-

ution.

For characterizing the common features of the word
components, are used the operations of conjunction and dis-
conjunction convolution of the word ( L"X,Z ).

The time function £ ( X ) from 7 +two-valued argu-
ments JX,,....,<%n  composing the word X , may be generated
into the normal disconjunction form and expressed in ogerator
form by means of the generating word 8 , with a length of
2”7 , according to the definition

;(;(/~R'(B, )(/~j 17[ /L Bal ”//Z- 171X)/

, Each formula ("the original") 7~ (X 4--) 23 two-Xalued
‘yariables may be compared to the formula ("i ") FTOXY.)
on words of equal length; The structure of this formula is

the same as that of the original, but instead of the time
shift ogerations it contains word cycle shift operations. It
may be demonstrated that for any function /4 over time

go ¥nomials from X , not containing time shifts, the
istribution law is in force.

FIRB,X),...R B X)~RLF¥(B,..., B ), X]

Thus, to a great extent the transformation of functions from
two-valued variables, mdy be reduced to the transformations
of the generating words of their normal polynomials.

‘( i ;" ! i R AN '
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At the description and ana1¥sis of the features of
discrete processes, the logical unct ions are often formed
in an impficit form of logical time equations, of the kind

F(Z)~R" (B 2)~Co

where the components of the word £ are two-valued vari-
ables OC1y.- --,%C)x and their time shifts Day,..., 277w 5,
aC, is the logical constant (zero).

Such an equation in implicit form defines in the
neral case the family of logical functions in explicit

T g ta () RUBE] The

here & does not contain D&y -+ The eral method

gf solutign / 2 /s of time logicaljz%mtionsge the reduc-
uvalities for the ggnera-

ting words of the B; polynomials of the functions to be

determined

tion method) leads to a set of ine%

Ko< By <My,  Tegos K

where A7 and M7 are functions of S and of the
adopted order of variable reduction. Degending upon the
degree of redundancy of the initial equation and of the
order of varisble reduction, the limits of admissible
values for each Bj may be more or less narrow. Thus, for
each garticular sofution is defined the character of the
variables and the degree of their dependence from the
other variables., In all cases, when solving the equation,

" we obtain a set of functions corresponding to correctly
organized logical nets.

Let us consider the methods of possible mappings
between sets of time logical functions and sets of
recursive functions.

Take, for instance, a set of time logical functions
Zpyee-r Zn from two~valued variables ZLy,:--; Im
Let, for each two-valued variable, the ™ ¢ " numerical
value be /N(y)=0o0r { ; besides, we determine for
elementary operations

N(G)=1-Nlw), N (unv )= W)W v), No™uv)=0" N (u)
Attributing to the words

X"’[Iz‘l‘[ and Z=‘[;z‘-

e~

i
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concrete’:eighting position fun%tions
NIX)=5, £l W), W)=Y, fo i) YUz,

we obtain the mapping of the set of time logical functions

in the form of a ep%cial gset of recursive functions defining
the mumber /Y ( Z as the function of the pumber /¥ (X )
and s%?% 8recedent values of the mmbers /Y ( X ) and

In this mamner may be formed many different numerical
interpretations of the given set of logical funciions.

The mapping of a given set of recursive functions on a
certain special set of logical functions also _allows to
obtain many solutions deg ding on the adopted arithmetic
gystem, the limits of mo ification of numerical parameters
and the auxiliarg time conditions et for the formation of
new parameter and function values.

No general method of transfer from the numerical
recursive function to logicel functions, has apparently yet
been developed.

P adhad
-

However, in many cases it is possible to gspeciadize
the record of a preset algorithm in recursive form so that
only a standard set of recursive functions-com nents is
used, to which a set of stapdard time logical functions
corresponds. In these cases, the logica function and the
circuit for the execution of the given algorithm may be
easily formed.

As known, this method of approach to the problem is
used in designing of machines for informetion processing.

Now let us consider the conception of ihe automat and
describe it by means of logical functionms of time.

Take a square e? ~dimensioned matrix J/JZ¢;/ with
components which are” the time poi;nomials of & predetermined
get of external argumenis Uy, ...,Ux The matrix is called

rue, when each filled column possesses the feature that any
column element is a complement o the sum of the rest of the
elements with respect to 1.

‘We employ the trug matrix /e, / for defining the
finite a'utgma{ with a L q A stateé’ ?,,.--, Yg aseﬁﬁing
that the current value of the matrix element ' "X, . determ-
ines the transition from the state ¢, to the stale Y,

/7
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e

with a time delay equal to one unit, according to the
equation: ) ,

Y, ~ 4\{ [Z](z//- /\Ig/‘], (=t 9

If at a certain moment only one of the variables Z/,--.jﬁ
was equal to 1, this fealure remalins unchanged at any
subsequent moment. This means that in the mentioned condi-
tions the set of states is full, and the states themselves

are incompatible in pairs; su an automat possesses the
properties of single-value and continuity of transfers.

The output functions of the automat Zs..-, Zp should
be, naturally, defined as golynomials of the current values
of the state; in view of the incompatibility of these
states in pairs, these functions are reduced to some dis-
junctions of the variables ¢,..,4q.

The aim of the described conception of the automat is
zo isolate from the autom%t structure, the primitive
containing no feed backs) functions of external arguments.

If the automat is determined by a transition matrix,
its logical structure is directly determined by the afore~-
indicated set of time logical equations and an adequate
correctly organized logical net. The solution of the
reverse probler of designing & matrix of automat transitions
for a predetermined set of time logical functions involves
the substitution of variables, the solution in reiation to
new variables of %eneralized e%uation in implicit form and
the subsequent defermination of the motrix elements. Various
alternative solutions of the generalized equation lead to
different automata which are equivalent in that the same set
of output functions corresponds to them.

From each given automat may be formed many equivalent
automata either by splitting some states, or by duplicating
the group of coupled states (cells). The inverse process -
consists in the compression of the automat structure by
bringing together separate states or cells, on condition
that the output function is conserved. This results in a
certain minimum structure of the automat / 3 /.

It may be anticipated that the further development of
the methods of equivalent transformation of automata struc-
tures will be one of the efficient methods of agproach to
the analysis and synthesis of classes of automaia endowed
with certain particular features.
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Para.2. AUTOMATA AND RECURSIVE FUNCTIONS

Let us consider the description of the automat as a
device for the realization of a set of recursive functions.,
Such a description is_especially convenient for automata
realizing computing algorithms,” We assumg that the automat
comprises a set of digit registers (cells):o) 2 ..., o™
each of which, at a given step of operation, contains a
coriain number designated further as [o‘7 or /ox‘], and
where 7 = is the mmber of the step. The state of the
automat is determined by the set of numbers (X7, (X%, ..., &7

We shall assume that part of the registerao('m,o(mé...o(’

are imput regisiers, i.e., are such the content
of which is dete?nplined y the information coming fronnou?sido.
The state of all other registers at the »+7- —step is
determined by the contents of all the registers at ?he prec-

eding n e-step,

: — 2 ” Mrt n
[d‘—ZHI:JLE/[&Zy[O(—ZU”'I[d 'ZUZ;( ny " [a ]/7) //}
(=12,
The set of functions 7,  characterizes in full the

gutomat structure. The task of the synthesis is to design
aking as a basis a certain class of algorithms ~- an automat
with such a set of determining functions %  which should
permit to realize these algorithms / 4 /.

Let us analyze what does regesen’c the set of determin~
ing functions ;" for a three-address computer operating on
the position code principle.

14
Let oC -be the register storing the command to be
2 e©xecuted,
X - the register storing the address of the comm-
and which will be executed in the next step, and oy Xy, o™
- the operational memory cells.
We do not deal with the ingut registers consideri
that at the initial moment all the input information enters
into the operational memory.

During each step, there is to be modified only the
contents of thse cell correspond to the third address o
the command to be executeds” For the case when the contents
of a certain cell & , is & command, we shall adopt the
following designations.
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The part of the <& cell contents, which is the code
(symbol) of the command, we shall designate by [ /% , and
the perts [t/ which are the firsd, secopd and third
addresses we shall designate by [ATE, [X]” and [xJ%
respectivelye. Then we introduce the function S§(a,6/
Thich is equal to zero al a 70, and eégual to 1 at a ~&-0)
and the function J§ (g 6) =1-5 (q ). If the executed
conmand is not & command of control transfer, the set of
relations (I) may be written as follows

[, Joer =Ll T »
[-0(2]/”/ =[ae]n +/7 (2 J)
o], =[x], S (o, 0,7, 1

Sl ]?) 5 DT, LpT, )5 (1,02 7795(m,aTn )
Gl SN, [x 1) (2c).

We assume that the three-address command is executed

in the following manper: DU, LRIp) 0 where

QT é/} designates an arbiirary operation executed with
the numbdrs £ 8nd ¥ during one step by the copputer
arithmetic device, and NG@ - = the code (symbol) of the
corresponding comnand. Tr the sum (2B) only one adde
differs from zero, for which «=(%,]; and B=L4Y]5
i.e., the operation PIT %’} 19 executed with data
stored at the addresses delermined by the command in the
register Xg_ o The presence of sumnation in_all the
pairs of cells, (x, 3)° according to the formla (2B), in-
volves the necessity of full scamning in the memory for
selectin% the required cells. let us consider the cass when
en execution of the control transfer cormand is possible.

Let us designate by @, o« pI”  the command of con-
ditional transfer, which has the following meaning: if :
[o(j;o[_;/s] then the control *s transferred to the follow-
ing by orde cormand, while if gotjs L pBJ o the control is
transferred to the command in the cell . Similarly let us
desipnate the command of unconditional transfer by (D,xBT .
which in all cases transfers the control to the comna [(}"j.

At the presence of these commands, the uality (2a)
mi) i £) am %q 3

is kept, while the equalijies (2 (2 ¢ Y are complicated
in the following waye (2 §) is replaced by the equality

B (BT ST @) sigalt 1 -( 137
0, B)S (ol BT
1)

(L 1] S, |
S (B4 ] Jsign (B0T, o g s, (2f 7
:

8l Declassified in Part - iti
Sanitized Copy Approved for Release @ 50-Yr 2014/02/27 : CIA-RDP81-01043R
: - - 003400230002-3




In order to suitabl{ modify the formula (2¢ ) we desig-
nate, for abbreviation, the right-hand part of the equation

(2¢ ) as G »

Then in the considered case we shall have

(itTp =G (1-S (T @) =SU 0 Ty, D )T 12¢)
FIXT (ST @) ,S'[[o(,]ﬁcf @)}

This means that if the command /&% / is a transfer command,
then the contents of all memory cells remain as before, i.e.,

[ Tpey =X T

If the machine contains group operat§ons and other con-
trol operations, the set of equalities (2) becomes even more
complicated. Fcr the computin al§orithm preset in the B
ogerator form [5] it is possible o form a set of functions
(1) which realizes this algorithm. This representation is
convenient in that the set (I) is directly connected with the
structure of the computer (automat) and al the same time iss
of "big-block structure”. This means that the recursive
recording of the automat dynamics does not take into consid-
eration, for instance, the peculiarities of the structure of
single Aigit adders or the methods of multiplication acceler-
ation, while the description of the automat in terms of time
logical functions would essentially include these features.

In terms of functions ¥; it is possible to charact-
erize the complexitﬁlof the al ori?hm as well as of the
automat realizing this algorit Recently A.P. Ershov (6)
has indicated the relation of computing algorithms with the
recursive functions).

The comglexity of the %%gomat is characterized b¥ the

complexity of the set type , 1e6., by the number o
registers with simultansously changing contents, the number
of registiers determininé the modification of the contents
in each register etc. The complexitﬁ of the algorithm is
characterized by the complexity of the automat realizing
the given algorithm during a certain mumber of steps.

If the system set of recursive relations (1) is expressed
in the form of equalities of the tyge (2), it is possible to
build up a set o% time logical functions realizing this set
of relations, It is only to be remembered that at ithe trans-
fer to time logical functions it is sometimes expedient to
reduce the time scale.
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i jmportant point is the
om uting.machlnes a very bt e device,
oot en. ﬁfi01ent s@ruct%r%hgfgggzn high speed opera
With this aim 1n v%ewti
ircuitls thattmay c%nzegtgn y
i jons {0
: Let us
lise comp .
gg%v;rsion Tess . 3882 which the
consider the class ofb
functions J; are com
funct ions?

Function S (x,4] determined by the equelity
1. cti ,

S(x.y)= {

1 db
5. The function signg¥ and signyX determined by
*  the equalities

_f1at x>0
R Y Sign‘x'{ t x<0
SigngX = {Oat x<0 oa

1 at X=Y
0 at X#Yy

3, The operation of adding & unib? xtd .
4, The operstion of addition X+Yy modulo "
5. The operation of subtraction X-Y modulo

tine the counting by
tion ¥ (3Y,%) execu
lodgio ahewfi":ﬁcresett ing to initial gc-'value

gr(x,y,2)+ if J"C'(x,kj,l)# y
x if fT(% Y=Y

7 (x,9 %) = {

sed by the pre~
i T(x,y,x) may be expres the ®
g ¢ fuﬁgxllgn btlt it plays an lmpor antuggle%ointhis
ced%rﬁgsfigngf the program, 81 therefore we
syn

unction a speciel designation.

~ tion over any group of argu~
To b °per?.t,13n g{ sﬁﬁ the words regresc;nt}:&ngtté‘é
ments Q’er(l.‘if'-"zo are written from left to Tight,

R%ﬁ?\g f'};Je' Tesulting word.
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We shall combire the functions enumerated above b
substituting the arguments by functions. At thc same time
we shall admit the so-called "time transformation" accord-
ing to the following rule. We assume that the set of
recursive functions f,,fx,..., % has been determined
and another set of recursive functions has .een formed
from the variable N .

B, o s Yo

Then the set of the functions,

i *
fy v P

we shall designate as the set obtained by "time transform-
ation". This kind of procedure is very useful for building
additional cycles of lower degree into the program.

Recursive functions originating from this class allow
to record conveniently a number of computing algorithms. As
an example may be cited the recording of an algorithm for the
golution of a set of linear equations

xL-kZia;Kx,gG‘- (3)
by the Seidel iteration method.
(54) &=t W (s)
x; =Z Qi’xx,‘(s“)ﬁ-‘; aikx,( +e"_ (4)

kel .
breaking off at the condition
$ (s)
max. le( fl)_x£ ’
or S=5,

Let the addresses of the coefficients Q. be ((~{)N+
+K-1+8,, the addresses of _the values in S  approxima-
tion ( x¥)=g,+i-41, and the addresses of the values
in the 5+ approximation (x;*")=%,+tiL-4 . The
addresses of the free members are chosen in form of

(gl)=§3+i’~i

Now, the calculations according to the formula (4) are
ensured by the commands

(1) YyyOv-4)+k-1+g, gt k-1 Po

<t (5)

(6)
2)  Cap, YR WA
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where 8=2 , if L<K and 0:1 if (2K

The verification of the conditions (5) is made by means
of the commands

(1) By Egri-4 yri-1 By

. (1)
(2) Br, P, (€) E,+L-4

and by checking whether all the values [, +i-1] are
negative. Hers Py means ordinary su’btraction, and
Bz, the formation of the difference absolute value.

First, let us obtain the recursive functions determin-
ing the adaresses of the commands in co?vgntional time. The
calculations according to the commends (7) shall be made &s
the values in S+41 approximation are computed according to
the commands (6).

We introduce the cells Y1, v, V3, Vo for three vari-
able addresses in the commands (6) and the cell

s.le
storing the mumber of the factor K in the sum ?4),’;£h§’r‘

number of the line i , and the number of the executed S
iteration  respectively. The addresses in (7) are stored
in the cells Yy, anmd V., « The contents of these cells are
%gf_:z;mined as a set of recursive functions of the following

(Yol =m(1,M,n), ’
(1), =060, S (O 1, 0 (-5 (1l N +S(TF) X,
[[5]°=i

RANRIRARI (R NN )]

[r.],=0. (@
(51, %(8,, &+ n),
[&]nzﬁ(gilgitﬂ.) n'))

f x:”]h R (t';w F?’f”» n') !
I:X;]f £a
RANEI(Y ARICTCAYAR)CERI(R AR LETIR A P, 1) -
.Eb’;‘]oz gi )

RAR(EARTICATAN CE (S AN I (s ALY

P
}
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ion L i the value I
Wo introduce the function [¢)n which tekes the va

i re completed, and zero, in .
igpggiietggsﬁeri‘%ﬁhi conditions in which the iteration

process breaks up may be seen thats
), =11 04-3gn L+ L-11y) sgn (So- ¥ 1n)#1=Sgn(So~[%ln)
=t

onmend executed at the moment Y we can record

(9)

Now, for the ¢

- (10)
[d-.]g:{S(l-""t]v.i){mP CIeAMNAAY po) 39'11(‘-‘“5]?1" [ 1n)*

£ (91 1, s Iy o) 89 (0T (VST ¥

+5 (], 1) Pp (Ca, Po, s, LVe]n) T

t S(["Q]\),b) Qp (me[mn,[mn, Pa)+

£ §([aT 5, 4)Pp (Bry Br, (€, LT} (4-[91,) F DRI Cm.

icn [ t the
. e the functica [x,], and effec
Eti;gmﬁgsggr%g%%?e‘rhe function [%], is determined by

the conditions

(11)
o) o:i i .
Sl A
LS (ORI N (S(Exd o) (Ll DSl B
i tion" is determined Dy
If'ui%%]f}.%ﬁ ggete;;ﬂgdti?n?;ggrﬁaondgtions n=¥y, ¥o:0 -
12

\f?{'l'\f""' (1‘5([Y\g]n‘N))S(td'Jn,z)'*‘S([x—y]n,N-)S([OQ]q'L‘)

4 i (8), (9), (10) (11.), (12) fully pre-

Thg 8?;;2 Otrgegmmlat 1,:c;rfmczagm'zlat'1Z>ns acz:ord;gg 1t)o ’ghe fgglégg

Betﬁ d ° hese considerations form & 80 2 amm tbe der-

Shoice £ the control device structure. Un sd Lar cons e

‘;‘%‘i},ﬁg gay 2 i, tg clﬁo;ce g% tixg :eggi oefva multistage
i choice

:ggx&r;nagsr g;gu%%:'use of the memory with successive read

out. -
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Parz.3. AUTOMATA AKD PROGRAM OTERATCRS

Let us consider the finite automat A , the state of
which is characterized by the statks " n " of its componentis
€. (i=4,2,.0h) . Let us assume that {n} is the set of
all integers from I to R Let us consider the states
at a certain moment of time, as an aggregate of values of a
certain function f on 8 set of {n} 5 Thus it can be said
that A at the given moment is in the state £ . Since we
are seealcing of a discrete A , we may agsume & certain
" T whioh is the minimum necessary for the transition
of A from one distinguishable state ¥, into the other
state f,, « Let ug designate T = as the A step. We shall
call by the term "oommand" the different operations that A
is capable of executing during T . Let Ao be at a certain
moment in the state ¥o e As a result of the step performed,
A has passed from the state 4, into the state fiy « The

9p%r7tor K, is such that f,=K £, is the command operator

Suppose, that for each ¢; there is some zero state. The
ctate APTwill be zero (0) if all the @i are in zero states.

The zero-operator is such that 0f=0 . The unit operator £ ,
determined from Ef=F 1s the idle step operator.

If in A pass consecutively steps with operators Ko Kyyeoy Ki
the A will consecutively be in he states

Fiy= Ky Fion fona Ko Ky ¥y 00 #iy = i Koy Koo

Usually the operation of the automat is destermined by a
certain finite number of commands (the Ero%ram , which are ,
reproduced consecutively (the cycle), If the operators of
these programs are K; (j:04,..,m) , then P = the program

operator =~ is equal to

P 1 P=Km Km-r - Ki Ki (1. .
Let F, Dbe the starting state. As a result of the operation =
of A shall be obtained the states Fj=P’fo (j=4,2,)5,.) :

In such a manner operates a homogeneous automat, i.e. with- |

out any external modification of its states. There might be ,

homogeneous automata, in which in the S cycle, after ;clhe
e

operatorkithe state ¥y is exteriorly set, by means of 1 .
ut operator Gs e Then, in the A  are obtained the i

in
foflowing states: _
FS: P‘ts)m !.GS(Pi ity .‘S-l)?S)] ) (s=1,, .. ) :

S -
'here lts,m“ Km e Kts{—, ) P‘It.s =K-'ts... Kﬁ. Ki .
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Two types of input operators are to be considered that is
l. When the introduced states are superposed on the
states of A at the moment of input. Then
Fs= Peg, i [Pty Fs-i 495 ]
2. Then the introduced states replace the states of
the A components at the moment of input. Then

Fs = Pts,m[p4 vty Fs~1+ E[»’sj (‘%‘Pmt,, FS-I)J

Yhere {Vs} is the set by which ¥5 differs from zero
i.0s the states of the elements €; with numbers from
{r)~{Vs} remain unchanged), and £ v is the pro=-

jection of the operator  E ~ over the set {vi] ( £y £-f
gver a set {V} and E (v} f=0 in thespoinéss’}{ny{%j),

The automat synthesis groblem may beraised as follows:
There are given - the operator [l , the function ¥co)

and the commands aggregate (K} =Ki Ko sy Ky oy Ko

On the basis of the operators from {K}  we must build-up
an automat passing through the states “Fs =U5fw,

Let Y., be the starting state of A and P - its program
operator and let A solve the problem. Then, presumably the
following relations are to be executed

Psﬂo,:usf(o, (s=1,2,...)

Generally speaking, if U and f,,) are not in a certain
way specialized, only ¥, =f, and P-U are possible. This
means, that at such a statement of the problem, the operator

U must belong to the class of ogerators which are factorized
into the }f)roduct of command operators from{K} . However, the
problem of synthesis acquires a ?eater interest in case
when U either camot at all be Factorized into the product
of operators from {K} or it is factorized into the product
obtained from a great number of such operators, which leads
to th?c.synthésis of the automat involving a great time of
operation.

Therefore, it is expedient to bring to certain modifica-
tion in the statement of the synthesis problem, and demand
that the states of A coincide with the required states not
for all components, but only for certain preset components,
In other terms, the functions characterizing these states
mst coincide over a certain set (vlc{nj.
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X

If we designate with &(v} an operator which ensures that
at any function "#F " there will be Evf¥f over a
set (v} amd 6if=§ over a set {n}-{v} (& ~-is

an arbitrary function), then for the synthesis P it shall
suffice to realize the relation PEypy=&vjU (2). Then,

Yoy = 6 (v} fror

From this equation are to be determined P and &{v}
Let us consider now the statement of the synthesis problem
for the case of a non-homogeneous automat. Additiomally to
the problem of the homogensous automat s thesis for
obtaining the required states, it is admitted that into each
opebation cycls of the automat is introduced from the out~-
side of the state ¥ .

For better certainty, let us assume that ¥ is
introduced at the end of the cycle. Let ¥y=6vfe)  and
¥ =R e For the infut, according to the
with the operator Efpy it will suffice to realize

t 2
tﬁze)ere 1a13 ions: (3)
Einy-tr) PE~Empl=-Eqri R
at the condition sugerposed on the ogerator i =~ the condi~
ate

tion of the invariability of the st ¥ introduced from
outside-

Er) (RU-R)=0 (4)

for the input according to type 1 these relations take the
following Iorm:

PEpyy ~Epl=-R (5)
RU-R =0 (6)

These relations have determined a certain class of
operators U for which may be sglthesized the automat on
the basis of operators (K, . t us consider some
possibilities of extending this class. Assume that T and

M , operators of the ty &iv} -8re commutating operators,
with U and P respectively. In this case, Ior the
synthesis of a homogeneous automat, with the a&opted state-
ment of the problem, it is sufficient to meel the relations

MPE=EmTU

For the synihesis of a nonhomo?aneous automat the respective
relations shall be written as Iollows

M(PEw+R)=EmTU (7
MR-RTU=0 (8)

: '

¥
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The operators i and T, as ext%nding the possibilities of
satisfying the conditions (2) - (6) for the synthesis of the
automat may be called "automation multipliers ¥ ~ left~hand
and T = right-hand multipliers. The multipliers T and H may
be introduced in corresgondi conditions both separately and
together. The introduct ion of the multiplier T "sets tﬁe
following limitation on U

U mst belong to a class (let us name it the IId class)
of operators which admits commutatin§ operators of the type
E(v} « Of considerable interest Irom the point of view

of automata Sﬁfthesis is the introduction of left-hand multi-
pliers, In this case, it is not obligatory for the opsrator

U which is preset for realization to belong to the IId
class, but this feature must necessaril¥ possess the operator
of the automat P . It seems expedient to differentiate the
automata with operators belonging to the IId class. We may
call such automats as high—quality automata ~ for they
gresent greater facilities for meeting the synthesis conditions.
he quality of such automata depends upon the arbitrariness in
¥ , The eator thoe arbitrarinoss allowod in tho determ-
ination of for the §iven P the more are the possibilities
to direct this arbitrariness for the satisfaction of the -
corresponding synthesis conditions.

We may discuss the quesiion of Batisfying the synthesis
conditions in the sense of expanding the set |n} , over which
is determined the preset operator W up to {(n+my . Here,
is essential the conception of effective expansion of the
operator U up toll , 1.e. such an exgansion that Eqmi Ul
coincides withW . The groblem of the automat synthesis
with {ntm} components for the realization of U is equiva~
lent to the problem of the automat synthesis for the operator
We In this case into the automat are introduced auxiliary
components, the operation of which aims at satisfying the
synthesis conditions.

The purpose of the above considerations was to satisfy
by means of various transformations the conditions of the
synthesis, by automats, having program ogerators P which
may be thoroughly studied. For the sint esis conditions
it is not sufiicient to know P , but it is necessary also
to know th? start ing state floy» The eolution of the
equations (2), (3),7(5) in relation to £{y} allows to
deternmine ¥.)=6{v}fep However, it is a complicated procedure,
A more simple method may be proxosed. Let us determine the
functions *h):uL&q e« Assume that

(ny (vl + (v 4+ (v
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where all the components, with the  exception of {5}
are of e%uivalent power with (V] and the power {V}
is less than the power {v} .

Uoreover, all the components of thie sum are assumed as
. pon-crossing.

Let us designate by (¢, {v) the commutating
operator, which converts the ensemble {v} into (%)
andti% ghe case of {v] converts into (¥} an equivalent
part {v} .

Let us build up the operator P
P = Epyy+ Eguy Movg,ony Egvy P+ Epog Moy, g EgwyP’
And the function f

£=EpytatEgug livping Egv) fi et Egwg [gvs, {5y E vy Fesy

Then %O)z P -L#
The synthesis problem may be stated for U preset in
implicit form Fs.-UFs=0
The transfer into an explicit form would require the determ-
ination of U-* , which is of a complicated nature. It is
possible to syn{hesize the automat” for the operator W
l.e., to determine P=Km ... K, and then to pass over to
P=k ™ Ky oy K s which solves the
problem. Here we, naturally, assume that the inverse
operators  Ki"' exist and are known, since the operators K;
are lnown. The starting function in this case is the same as
- in the synthesis of the automat for W,

In the above described statement of the synthesis, the
autorat reproduces the required states only in components
71th nunbers defined by the set {v} o While the s ates o
other components, which were regarded as auxiliary at tne
S{nthesis of the automat for U , may have independent values
gt the symthesis of the automat for ano ther furction. In
other words, the synthesized automat ma correspond in the
part of the components {v{ ,to the probler for the operator

W, with an initia). state fe)_ , while in the other part {3
it will correspond to the roblem for the operator U, witn
the initial state £y o The relation between U, and U,
in this case is determined by the equality:

6{".5 Uyti'v.j =¢ {3 u’.ei’vx}

The important particular case wonen U,=Us=U may be
realized, if éf;!éivi may be commutated with
. 1 '
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The questions discussed in this
related to the synthesis

paper were directl
of esutomata. ngever, the samey

uestions may be applied to the analysis of the automate.

n particular may

for

and

the realizatlon of
The groblem of the operator P recovery

e determined the classes of operators,
which the given automat may be used.
may be also raised

n certain ccnditions golved on the basis the results
of the operation

of the automat if spacially selected text

funct iops are introduced into it.

XXX

Above are detailed different methods of approaching

the logical description of the dynamics of

functioni

of..a special
ions allows to represen
well

cuit as
registers.

computer

being reéarded as finite

ype. The method of time logical
tructure of the cir-
ters and systems of

these computers

as the functioning 0

The description of the automat in terms of time logical

functions allows to characterize

components,

dynamics of
presentat ion of the same automa
recursive functions allows

the number of the circuit

the complexity of feedback systems, and the
the operation of segarate components. The
by means of a set of

to commect more tightly its logic-

al structure with the operator gcheme of the algorithm.

0f the
prospective of finding

greatest interest in this connection is the

the most effective gtructure of the

computer control s atem ensuring the efficient realization
of g : ggms.

ifferent classes of algori
of the processes occurring

computing
operators,
method of

execution o

detailed study

at each operational step of the

machine may be made by investigating the command
described in the present paper.
recursive functions
f these operators,
logical functions provides

In its turn, the
allows to greset the order of
and the method of time

for the presetting of their

circuit execution.

Al1l the afore-considered me thods of
cal description reflect different si

formalization of a
des of a unique

problem - the synthesis of an efficient structure of auto~

neta on the basis of & description of its

At the same time
automata is so to say
system of transitions

structure.

the usual approach to the theory of
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tween stales, but is isolated

alienated) from concrete realization.
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i
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The concept of control- process arises in various branches of
natural sciences and possesses & nunber oi common features which
are studied by cybernetics.

The most highly organized controlling processes are those
related to higher nervous activity of animals and man. The study
of these_processes from the point of view of general cyberpetics
b revea11n§ the laws of the correspondigg control algorithms is

nterest. It gives an understanding of the nature of

of great i
hi Eér pervous activity, eariches the theory of control al rithms
a classes of effective algorithms. con*
f publications have been published by now, con-
ts to model various features of the control
processes in the central nervous system. These include investi-
gations on modelling conditional reflexes (1), (10), on the
creation of various models of mice, zustl?s e%c w?i h imitate
3y <83' N,

the behaviour of the live creatures

, works on
the mathematical theory of learning (4),

, etce

It is more difficult to indicate publications which develop
consistent1¥ a cybernetical agproach to the study of actual
questions ol the hysiology o higher nervous ac ivit{ and to
revealing the fealures of he corresponding control algorithms.

It i% appropriate at this point to quote Academician 1.P.
Pavlov (2) who pointed out the necessitg of employing mathemati-
ical apmalysis in studying processes of higher pervous activity.

This paper discusses questions of algorithm creation for
complex contrcl processes reflecting the features of formation
of comlitional reflex chains.

XXX

Para.l. GENSRAL CONIOL SYSTZY

Any controlling {rocess infers the existence of i
devices - one controlling device and the other controlisd ~
which exchange informations The co§§lexity of the controlling
device depends on the quantity of 1 ormation it has _to treat
over a definite interval of time. The controlling device can
oy the information about the controlled device in various
wavs.. In the general case the controlling device may receive
in%ormation as to the influence of the environment on the_ con-
trolled device, characierized at each moment by a8 signal F(%/,
and information as to the result of the action of the controll-
od device, characterized by a signal %(t}. On the basis of
this information the controlling devite produces a signal X
which acts on the controlled device. The alcorithm ol produc-
ins the signal £ (¢) is determined by the condition that the

D — . - . .. . ’
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signal y/f/ differs sufficiently little in some sense from a
fredetermined function 7 (¢). Thus the result of the action of
he controlled device is & function of the controlling influence
h.r(’o‘} agd of the influences of the enviromment F¢z) and ¢ (¥,
where 7< ¢ @

y(t) = (x(e), F(z) & (¢)) 1)

here ¢ (%) describes the part of the influence of the environ-
ment concerning which no information is received.

In its turn, the controlling influence is groduced by the
controlling device by realization of the algorithm which
determine " (#) by_the values of #(Z) and y(Z) at T<z .
The signals #(¢) and ¥/(¢) , generally, are dccidental. If

#(t) and ¢ (¢t) are koown funciions the possibility of obtain-
ing the required signal ¢ (¢) at the output of the controlled
device depends only on the permissible arbitrariness in select-
1% Z(t) « In the contrary case, when the values of ¥ /¢) are
i ege ent for various ¢  and the right side of (1) depends
substantially on the value of ¢/4) the result ¢/¢) will in-
evitablg possess a certain minimum degree of indefiniteness which
cannot be lowered by virtue of the comtrolling influences. The
most interesting case is the interrediate one when the values
of F(t)and ¢ /£) are correlated at various moments of time.

~In the following we assume that the time £ rums through
a dlscsete sequence of values (for instance all the integra
values) and the indefiniteness of the signal is characterized
by its entropy (see /5/).

In the case of the process of formation of a conditional
ref%e{lthe above-described scheme of control can be integrated
as follows.

 The signal #(t) represents information on conditional
stimuli; the signal g(zf} bringg information on the rein-
forcements (unconditidnal stimuli), z(4) is a charac%eristl
of the occurrence of non-occurrence of the reaction reflex%,

y>(t) characterizes the indefiniteness in the correspond-
ence between the reinforcement and the stimuli.

The complexity of the controlli rocess is character~
ized by the ‘{otal entropy 4 of infggmgt ion of the signals
at various moments of time.

An important characteristic of the process is the vzlue
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/
H= CmagmH (44, Fir))
t-T<T<¢
It can be shown that the value How determines the minimum
degree of indefiniteness (entropy) of the value ¥(%/ per unit
time which can be obtained by an optimum method of control, i.e.
by selection of the algorithm # .

Anotker important class of controlling systems are systems
for which the following limit exists

H=Cim [H(ylY), T(t))~ TH o] (3)
T—— oo t-7<« ¢ ¢ :

The value 7=7 , at which the expression in brackets in (3)
differs sufficiently little from its limit # , characterizes
the time interval during which the information must be received
to groduce the controlling signal x/¢) ensuring a sufficiently

ood quality of control, i.e. entropifoy(éU close to & .
he value // itself characterizes ihe “time necessary to pro-
duce the contrel algorithm # , i.e. the "learning time" Z
according to the law

—~ =~

t~T 2’7 (4)

It is assumed that ¥ (4)_ is a stationary stochastical process
satisfying certain special limitations.

To study the dynamics of formation of chains of condition-
al reflexes it is important to consider the case where F*/¢/
is a chain of successively acting conditional stimuli (4,,4, &)
. Y(t) is a chain of successively acting reinforcing factors
( 6,5 . ., Cc ), determined by the sequence of actions xr/#
al)aa)'-~ UK}'

We may consider a scheme in which each successive stimulus

G, is at the same time a reinforcing factor 6,-¢;., and the

fagt%r Cx  is the fipal reinforcing factor (food, removal of
pain),

. Thig scheme decreases substantially. The next step in re-
ducing / is to establish the correlated subsequences of %
actions in combination with stimuli and to work out an algorithm
from such pre-set subsequences of actions.

. Experimental study of s¥stems of conditional reflexes in
animals enables disclosure ol some algorithms of the work of the
brain. Analysis of these algorithms is possible on the basis of
the theoretical conceptions considered above. The schemes of
these experiments and their qualitative interpretation is given
in the following paragraphs.

C <. 1
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Pars.2. EXPERIMENTAL INVESTIGATION OF CONTROL
ATGORITHES IN FORMING CHAINS OF CONDITIONAL RSFLEXES

The method used by us can be characterized as a version of
the conditional reflex procedure developed by I.P. Pavlov (2).
A valuable contributio? tg the study of this problem were the
works of L.G. Voronin (12J.

In the course of the exgeriment definite systems of outer
regularities were created ar ificiall; in the experimental
environment surrounding the animal. For instance, the experi-
menter would set the scheme:

jump to press
bell —— ——vwhistle —£00d
pedestal No.l pedal

According to this scheme the experimenter was to introduce
various stimuli depending on the movements of the animal. In
this way the experimenter played the part of the environment.

In the course of the exﬁeriment by using various versions

of the procedure studies could be made of the laws relating to
the formation of a new workin§ programme (chain of conditional
reflexes) in the animal, enabling it to obtain food under these
experimental conditions. The animal would ascertain the regu-
larities of the enviromment created artificia%ly by the
experimenter (recorded preliminarily on pager and” unknown to
it., On this basis it would develop its optimum working program-
me under the given conditions. This procedure, which was used
by us in experiments with a human being as weli, reveals the
complex picture of interaction between the environment ard the
organism, obeerved in the process of developing new working
programmes., It thus becomes possible to disclose a certain
sequence of operations by means of which the pew working pro-
gramme can be developed.” This sequence includes both a definite
system in accomplishing movinﬁ reactions and definite principles
in estimating and utilizing the information received from the
environment.

On the whole, we can speak of a definite learning algorithm,
i.e. of a definite sequence of operations by means of which a
new working progranme can be developed. It should be emphasized
that in this case we do not mean an algorithm of simple behav-
iour of animals, but an algorithm of a special higher category
an algorithm of a higher order, through which animals can eveiop

-

, ! [ ’ °4 . RN
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various new forms of algorithmic behaviour in any new situations
of the environment.

The experimental procedure emables various outer situations
to be creuted. These situations may differ both in the complex~
ity of the regularities artificially created and in the probabil=
ity of accidental (not depending on the actions of the animal)
appearance of various stimli. Along with rigid regularities
accidental coincidences of stimuli may also be included in the
outer situation. Ay

Under these various conditions of the artificially created
environment various algorithms could be revezled on which the
formation of new working programmes are based.

The procedure employed also enabled the study of algorithms
in cases where the animals had alread¥ received partial or
complete information of the experimental situation.

Investigations, carried out according to the above described
procedure esiablished that the chain of reflexes could be develop-
ed on the bagis of double reinforcement by the successive addi-
tion of new links. In working out each néew link of the chain one
of the conditional stimuli of the earlier developed chain links
is employed as an irmediate reinforcement. The entire system
after completion was reinforced by food.

The algorithm described ensures the a pearance of new work-
ing programmes (behaviour algorithms) of the animal under vap~
ious new conditions. It should be emphasized that this algo-
rithm involves estimation and selection from all the information
received bg the brain, of that part of the information which is
needed to build an op{imum worklng programme, One of the criter-
ia of estlmating information is the grlnciple of recurrent
coincidence of two signals discovere by I.P. Pavlov. This
criterion is quite reliable, because recurring coincidence may
serve as a groof of the fact that in our case the organism has
to deal with real laws of the outer world and not with accident-
al coincidence of two stimuli. The criterion of usefulress of
information is at first a temporary coincidence of this inform=-
ation with food and afterwards with a conditional signal, in
its turn, previously related to food.

It is imgortant to stress that in the course of development

of a sistem of reflexes new "landmarks" keep arising which
serve 1o estimate both the usefulness of various movements and
the usefu%ness of the informatjon received b{ the_control
system, These "landmarks" include all cordilional stimuli of
newly developed conditional reflexes. The appearance of new
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intermediate "landmarks" may be of great importance for develo%-
ing new chains of conditional reflexes (nmew workinE programues Je
The importance of the appearance of these "landmarks" consists
in artificial limitation of the eptrop% by decreasing the
mmber of situations considered, i.e. by the eliminating the
necessity of fully considering all the situatious.

Para.3. MOKE COMPLEX CONTHOL ALGORITILIS

The case considered above was an extremsly simple one. As
is known, much more comglex programues have to be used in cyber-
metic systems. Very often a possibility is provided to switch
the work of a system from one grogramme to another depending
on the results of the work of the system.

There arises the %uestion whether such comglex programmes
can be develoged in self-organizing systems. This involves
both the problem of finding the corresponding algorithms and
the question of their realization in cybernetic machines.
experiments were made according to the described procedure, b
ihe nature of the regularities of the environment set up in the
course of the experiment were more complex. For inmstance, 8
stimulus was introduced making accomplishment of the reflex
chain impossible. Or such a system of environment regglaritiea
would be set up by virtue of which two stimuli would have to be
pgesent simultaneously for any definite action to be accomplish~
ed.

The corresponding diagrams are:

Oy b5 Op b @ =~ ¢ (£fo0d),
035[0‘/ 57 — (5)

In this scheme the presence of 05 made accomplishment of
the main reflex system im ssible. At the same time there was
a potential possi ility of finding a way of eliminating ds
by means of the reflex chain a; 6, @y 67 or

Uy by Ug bro

a,——C(food) (6)
a; b ay &7 } g

In this case to accomplish the action d, two signals dy
and {7 had to be present. Such systems of interrelations
are often encountered.” It was established that when animals
were placed under such experimental conditions they worked out
the corresponding system of reflexes. The laws of development
of these systems of reflexes werg studied. Particularly, it
Yas established that exclusion of the stimulus ¢ ,  (dlagram
5)) and introduction of 07 and 6, (diagram (6)) may .-

/

7
{
j
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serve as & basis for the formation of a new chain of reflexes,
Development of this chain of reflexes no 1og§er required direct
reinforcement by food. These chains thus dilfered from ordin-
ary food reflex chains. They possessed a certain "autonom{”.
(As is known, the elements of a food chain disappear guickly

if they are not reinforced with food).

On the basis of these ex%eriments certain conclusions can
be drawn as to the nature of the algorithms lying at the basis
of the formation of complex systems of conditional reflexes.
An important element of these algorithms is the appearance of
a new trial of all possible movemen}s %n conditions of the
presence of stimulus 6; (diagram (5)) and the absence of
stimli &, and 6, (diagram (6)).

If, as a result of any movement, stimulus ¢ disappear-
ed or stimuli bw O & aggeared,’a new "autonomous" chain
of reflexes began to form, this chain being no longer related
directly to foode In these exgerlments it was demonstrated
tgat iystems of conditional reflexes may have a very complex
structure.

Para.4. ALGORITHMS UTILIZING PEEVIOUSLY DEVELOFED
CHAINS OF CONDITIUNAL REFLEXES

The mgst general case is the gituation when the system
gossesses partial information about the controlled ob%ect.
»videntlg, in this. case the algorithm of the work of the
system should make it possible to draw precisely the informa=~
tion needed at that particular moment from the memory and to
include it in a strictly definite part of the newly %ormed
working programme.

This system must possess a memory and mechanisms for
selection of the necessary information.

Let a certain control system have a definite number of
previously developed working programmes. There is a certain
concrete s%tuation (a set of signals 6, 6, & etc. enterin
the system). Under these conditions the system is confronte
by the task of developing & new programme of work by means of
which it can accomplish a certain new result. It may also be
required that certain dangerous states of the contro led ob~
ject should be evaded.

The work of the controlled system must evidently result
in a certain new programme which Should correspond to the

{ ]
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given concrete situation ( 53.53,53 ) and accomplish the same
rpose. In other words a certain new expedient form of behav-
our must be worked out.,

This new prOframme arises on the_basis of a retreatmwent of
previously accumulated information., In the course of retreat=-
ment of all the information stored in the memory that part of
it must be selected which may be of use in achieving the end
and can be utilized in the given concrete situation represented
by a definite set of signals ( 4, 4, 4, .... )

The information is stored in the form of a large number of
work programmes of various kinds and developed at different
occaslions.

To analyze this scheme various kinds of complex conditional
reflex systems reinforced by food, ?aig disappearance stimuli,
etc. were developed in the animals {13).

In the course of the experiment some new demand was brought
up. For instance, thirst was caused in dogs and a certain new
set of external stimuli was started.

Under these conditions new forms of behaviour developed in
the animal connected with the reception of water, including
definite”sections of previously developed food and defensive
reflex chains, Experiments of this kind made it possible to
study the algorithms of formation of new worki programmes
when partial or complete information on the controlled object
is available. During this experiment the greviousl{ developed
reflex ?ystems and the experimentally created situalion (set of
8ignals) were known exactly, so that each part of the new worke

ng frogramme could be traced to the corresponding greviously
he process

i
developed chain, This made it possible to observe
of formation of the new programme.

By varying the form of the experiment certain essential
laws could be established characterizing the formation of
ggw reflex systems on the-basis .of newly accumlated informa=-
1OD. ;

It was found that when any definite situations were
created new systems of conditional reflex reactions arose
immediately in the animals without additional development.

These working programmes corresgonded each time exactly
to the experimental environment created artificiall¥ and result-
e% intsaglsfaction of the new.demand of the animal .reception
of water). ‘
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These acts of behaviour could not be reduced to the sum
total of stimuli included in the set. BEach act of behaviour
was a unified integral system and represented an integral
reaction of the organism accomplished in response to he entire
set of sifmals presented. The presence or absence of any one
stimulus in the set entirely alters the newly arising system
of conditional reflexes.

It was Tound that under ordinary conditions animals would
not react at all to conditional stimuli, though the reflex
system was stably developed. In creating thirst (excitement of
the drinking centre) conditional reflex reactions were observed
to appear in response to definite conditional stimuli. Here,

 activation of the individual reactions was of a selective nature.
The order of distribution of this activity depended on the whole
sat of .signals employed. The animals' reactlons were always
of an integral nature.

In studying this phenomenon definite laws were established.,
A set of special "starting" conditional irritators were detected
which, themselves not caus%n§ any moving reaction, put into

action a certain section of the system. A certain order of
subordination was detected in the action of these signals. One
of the stimuli # (a stimulus of the highest category) would
ut a definite sector of a previously developed reflex system
Yafo an active state. Other stimuli ( B/, 8, Ps,... ) would
start up individual garts of this sector, but their action
could manifest itsel}l only after stimulus /4  had been brought
into play. A third group of stimuli ( ¢/, Cscy. .. ) would
start up individual refle chains. Their action was found to
be possible only after .7 and /3, had been put into action.

Then the following regularities were discovered. If thirst
was caused, the first conditional reflexes to become active were
those of the drinking chains. And the first of these condi-
tional reflexes to %o into action were those igmediately con~
nected with unconditional reinforcement (water). If any of
these conditional stimuli were presént in the experimentall
created environment the other conditional reflexes would no
become active. But if these stimuli were absent other condi-
tional reflex reactions began to become active. If at least one
common stimulgs of two unlike reflex chains (the food and the
drink systems) was present the animal would begin to resgond to

- the conditional irritators of the food reflex system. If a
common irritator of the food and the defence chains was present
a certain section of the defence reflex chain also became
active. If there were no signals common to the two unlike
reflex chains no conditional reflex reactions of those systems
were observed to become active.

—

, .
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The above-described process of tke consecutive rise of
conditional reflex responses to 2 definite Eroup of stimli
depended also, as was indicated above, on the presence in the
environment oi definite "starting" stimuli. This caused the
phenomenon of subordination just described. An definite .
chain of reflexes could become active only if the corresponding

starting signals were present.

On the basis of modern data of neurology and cybernetics
the following hypothesis can be pul forth to explain the facts
resented above. When thirst is caurcu the resulting excita=
ion process begins to sgread over s¥s?ems of previously
developed condifional reflex ties. his lowers the exclitement
threshold of the corresponding first elements. If, as the
excitation spreads, ano%her excitation caused by an external
conditional stimilus arrives at the same nerve cells the two
excitations add up and result in the corresponding conditional
reflex movement. %he necessary information is selected as a
result of these processes.

The union of unlike reflex chains (food and drink, and
defence, etc.) can be explained in a similar manner. If a
common stimulus is present the excitation process ray spread
from one reflex sysgem to another. Syntiesis of the new working
programme is explained by the following diagranm:

a, 6 G b g b6, — (s (food)
Uz 6 On 6, @ 6,\q, —(felimination of pain)

Qg 6:3 Qs é,/q

a, —=— Gyl(water)

It can be seen from this diagram that the algorithm of
union of the systems by the principle of a cormon stimulus
may result in the syntﬁesis of a new system of reflexes

a, 63 ug by Qo by Oy C3 (water) serving for the
procurement of water and consisting of various sections of
previously developed systems.

The brain work algorithms connected with the utilization
of previously accumlated information which we have studied
provide for rapid formation of new forms of behaviour.

Analysis of the principles of formation of conditional
reflex chains contributes to progress in the study of questions
of the physiology of a higher nervous activity in that it helps
to estagllsh the structure of the algorithms controlling the
complex behaviour of higher animals and offers an 0pfor unity of
finding ways of economically realizing controlling algorithms in
cybernetics sysiems. ;

!
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OF DIGITAL COMPUTERS

I.Y. AKUSHSKY, L.B. EMELIANOV-YAROSIAVSKY,
E.]. KLYAWKO, V.S. LINSKY, G.D. MONAKHOV,

Institute for Scientific Research of Electronic
Mathematical Machines. Moscow, USSR.

INTRODUCTION

A1l the various methods of accelerating the execution of
operations, considered as ome of the means for speeding-up
calculations, may be characterized by one common feature,
that is, the app icabilit¥ of such methods does not depend of
the concrete contents of the program.

Speeding-up calculations is achieved by the accelerated
executlon of the elementary "bricks" of the program, i.e. the
computing operations.

The present gaper does not deal with the methods of
acceleration based on definite program characteristics (for
example, the selection of the command system, address, memory
organization and the use of assembled computing systems).

The methods of acceleration of comguting ogerations may
be classified into two groups by the nature of these opera=
tions, that is:

1. Logical methods of speeding-up the main computing
operations.

2 Methods of accelerated calculation of elementary
functions.
Para,1. ON THE PRINCIPLES OF ACCELERATION OF THE
EXECUTION OF OPERALIONS

Any computing operation executed by the machine may be
dismembered into a certain sequence of simple actions.  Let us
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designate every such simple action, effected at the entry of
some control signal from the control device, by the term EMO-
elerentary machine operation. Though this concept is not
quite precise, il may be useful in many cases.

Thus, a computing operation may be regarded as an aggre-
gate of various elementary machine operations performed in a
certain order.

Obviously, this aggregate is not determined only by the
computing operation to be executed, fur the list of elementar
macnine ogerations depends, as weli. upon the adopted algoritﬁm.
However, Ior the majority of basic computing operations a long
time since was developed and at present definitely accepted a
"classic" system of used elemertary machine operations. To
these belong elementary operations of binary addition, shift,
code transfer and so on.

The same may be said about the methods of dismemberinc the
computing operations into sequences of comgonents of elerenlary
macnine operations, Here, too, there are firmly established
rules and recommendations.

However, the classic algorithms of the execution of compu-
ting operctions are mot the most efficient from the point of
view oI rapidity of machine actions and, in cases of especially
high speed operation requirements, they can not be considered
as optimum, Evidentlg, this conclusion being quite trustworthy,
may be made beforeband, otherwise, would be very little veri-
similar the following statements:

a) the set of classical elementary machine operations is
the optimum;

b) any sequence of elementary machine operations at the
execution of a computing ogeration is algorithmically the
shortest, i.e. it can not be_replaced by a sequence with a
smaller number of members, It may be possible to set and solve
the problem of determining all accelerated algorithms, proceed-
ing Irom a sufficiently large class of gossib%g elementar
machine operations, but being formulated in this manper tie

roblem would result extreme y complex and practically hardly
easible to solve it.

Efficient algorithms may be determined much easier by an
artificial way.
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Indicated below, are some accelerated algorithms o~tained
in this manner.

Fror the previous analysis can be made & classificatioa of
the al orithmegic methods for the accelerated execution of
computing operations.

1. The method of reducing the number of consecutively
executed elementary machine operations by:

a) elimination of superfluous elementary machine opera-
tioms;

b) simultaneous execution of elementary machine operations.

5. The method of introducing special elementary machine
operations (special in the sense that they differ from classic
operations),

There is a third method of speeding=up the execution of
computing operations which differs essentially from the algo-
rithmetic methods, ie.6.:

3. The method of reducing the time of elementary machine
operation by selecting an efficient logical structure of
employed circuits. -

Para.2. ALGORITHMETIC METHODS OF SIEEDING-UP QPERATIONS

Tet us consider first the al%orithms of accelerated
execution of multiplication operations.

According to known statistical data about 5% of the
machine time is spent on the execution of multiplication
operations. Therefore, speeding up this operation is of
great importance.

The difference between various methods of accelerated
execution of multiplication operations lies in their machine
algorithms. H

There are elecironi¢ digital comfuters in which the
multiglication is performed as a single elementary machine
Oﬁéra ion. However, more fregnentl the machine algorithm of
the multiplication operation takes the form of alternating
shifts over ope digit and additions dl%it by digit multi-
plication)s The first method of multiplication gives
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“satisfactory resulls as regards speed of operation, but re=-
%uires a great numbes of equipment (in quadratic relation to
he number of digits).

At the digit b{ di%it multiplication may be used a com-
bined (coincidence-type) adder as well as a counter-type adder.

Combined adders involve the use of a serial (or serial-
parallel) digit transfer. -

However, the stored sum of partial products may be easier
formed in a counter-tyfe adder. Therefore, we shall deal with
machine algorithms of the multiplication operation employing
adders of this kind.

Speeding-up by overl%gping of elementary machine opera-
tions of addition and shi is achieved in the simplest case
by shifting the multiglican& code at the moment of the follow-
ing addition in the adder.

The sum of partial prcducts at multiplication, according
to this method, remains urnmoved.

It is interesting to note, that with this method of
multiglication, if no doubled accuracy products are required
("2 0" digits), the adder and multiplicand register may be
executed with " di For this, a ring shift of the

digits.
multiglicand code shou%é be made in the multiplicand register,
and the adder should have a circuit of cycle carry from the
highest to the lowsest order. Moreover, prior to each transfer
of the shifted multiplicand code on the adder, in the latter
are to be cleared the memo§y cells corresponding to the
er

highest order of the transfered code.

Wide use has found the multi¥1 ing circuit in which the
shift of the partial product is e fgcted in the adder during
the addition EM0 and does not involve additional operations
of components.

An interesting alternative procedure of sgeedi -up of
the multiplication bi overlapping is the method of the
"travelling wave". According to this method, in the process
of multiplication, the addition of several partial products is
accomplished simultaneously in the same adder. This method
involves the use of a special counter-type adder, in which a
new addition may be started f{om the lowest orders gide

before th3 previous addition (or even several precedent
additions) in the higher orders has been completed.
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This method of multiplication permits to store a sum of
partial products at a maximum frequenC{, conditioned by the
admissible frequency of component functioning.

The methods of speeding-up the multiplication operation
by way of reducing the number of executed addition and shift
E¥X, are based on the elimination of addition steps at the
miltiplication by the miltiplier digits, in the code "0" and
on the elimination of the addition steps_at the multiplication
by mltiplier digit groups in the code "I".

The reduction of the mumber of shift steps in the two
aforementioned cases is effected by the introduction of
elementary machine operations of.%roup shifts over 2,4,8

itr

digits and so on, or over an arbitrary mumber of digits desig-
na%ed by "K". ’

In case the digits of the multiplier Y contain many "I"
the multiplication may be made using the formula X-Y=X-7 + ¥
where the sign — esignates the ELO of conversion into
the reverse code., Time is gained in this case because the
code 7 contains a small mmber of )

Maximum speeding=up of the ogeration is achieved by the
introduction into the arithmetic device of a special arrange-~
ment for shifting the mltiplicand code over an arbitra
number of digits "K", during one shift step (see further) and
by a special conversion of the multiplier code & , defining
tﬁe minimum number of additions and subtractions necessary in
the process of multiplication, according to the scheme.

S [ 0,1001110I11 | = 0,101000-T00-I .

The average mumber of EMO of addition = subiraction in this
case, as shown by appropriate calculations, is equal to:

1 [ 80+ 24 (11-2)]__1 FPEET LA
2 18

8 9
vhere /1 = is the number of digits.

It may be easily shown that by employing only classical
EMO, a considerable speeding-up of operations can not be
obtained. Indeed, any multlglication algorithm in this case
is defined by a special identical conversion of §‘ digits
of the multiplier ¥ . Obviously, §¢'= ¢’ if s’ correggonds
to the most efficient algorithm.” Let us assume that Sy and Sy
do not coincide &and consider the case when the higher digit
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!
'5:5/ 1g greater than the higher digit $ ¥+ (The case when S
and J interchange their roles is alsSo considered anmalog-
ously)s Then,

$9-59=54-5592010-40-00... ~0,010101.. >
which is impossible.

For the mltiplication operation may be used the method
of "carry remembering", first proposed by M, Nadler (Czech-
oslovakia), which involves a special EM. This method
takes advantage of a specific Tfeature of the multiplication
operaivion consisting in the fact that, at this operation all
intermediate actions& preparing the result, are executed by
the circuit without "conditional" transfers. Owing to this,
it in fonnible to connidornbly roduce tho Limo of Lho multi~
plicullion Oforution by inlroducling a spoclul addition EM)
with incompleted carrj. The carries occurring at addition
during this EMO are memorized in a special register,

The memorized carries are taken in account at ever
now addition and cleared at the end of the operation,
considerable acceleration of the multiplication operation
m%y'nlso be obtained, if the memorizing of the carries is
effected not in every digit, but in several equally distanced
points of the adder.

Let us now consider the algorithms of accelerated
division. Usually, the quotien digit 1s defined by the
feature of the direct or reverse (a ditional) code of the
remainder. However, the remainder code besides the afore~-
mentioned information, contains some adaitional data, which
frequently allows to determine at once the group of quotient
digits and, thus, reduce the mumber of elementary machine
operat ions. The idea of this method is that when a remainder
is formed with a sufficiently small or sufficiently bi
absolute value, the followi digits of the ?uotient shall
be obligatorily a group of identical digits (zeros or units),

Let us assume that the divisor 9 . is normalized, i.e.
contains "1" in the highest digit. Obviously, if the code of
e positive remainder contains in its highes% digits a "K"

number of zeros, then, besides "1", in the quotient digits

are to be recorded also K ~ 1 zeros, For obtaining the next
remainder, it is sufficient to simply shift the initial
remainder to the left over "X" digits and subtract the divisor
from the obtained number. »
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The case with the negative remainder Mo of a sufficient-
ly small absolute value is symmetrical to the just considered,
Assume, that in the higher 4} its of the remainder code there
are K units, Demonstrate, that K-1 following remainders
will be positive and consequentlg, besides "O0" "in the next
quotient digits should be recordes E-1 units,

- 4h 1
Evidently, the (_L remainder of A; is equal to A =2 4°+cl
provided all previous remainders were positive,

From the study of the d, code, and taking into account
the normalization of the divisor % » it may be concluded,
hat when {&K-{ all remainders A; are positive, i.e., as
required. L

The last Ak remainder may be obtained b shifting the
Ao code over K digits to the left and add{ng the number
thus obtained to the divisor c; .

Let now Ao be a positive remainder approaching closel
enough to @ (such casego are more rarely enggrunteregg. Thisy
fact may be found out in the machine ?; means of a simple
cigncgit analyzing the higher digits of the divisor and re-
mainder.

¢ In this case it is necessar{ to build up the quantity
Ao = Ao -& and record in the %}ontient he K units
contained ih the higher digits of this quantity. The next
remainder is obtained by shifting the A, code to the left
over K digits and adding the d visor:l, .

The cage when a negative remainder Mo of g big
absolute value is obtained, is symmetrical to the case just
considered.

The average number of M Mgu?tient digits, obtained in
one addition or subtraction E taking into account only
small values of remainders) is determined for the case of
numbers with many digits in the following way:
o<
M=z+y+Z 5 =4

It may be demonstrated, that the indicated division
algorithm (taking into account only small remainders) is the
most effective cycle algorithm, which realizes the method

digit by digit, on condYtion that besides the divid ist
isgtilsedyonlygi one adding register and only classiz gﬁofeg srer

/// /

-\ - L ' R
.’ [ 4 { N t J

' ; - O T043R005: 0023
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-th
Let us assume that in the L~ cycle in the adder is

obtained a certain quantity A(Ti~, g)= 7, de§ini the
following group of digits of the quotient B( T ), & and
B are designatlons of certain algorithms). It may be easily
ascertained that all the T; are nothing else but remainders
and, conse uentlg, B(?;) is the maximum determinable group
of the quotient digits, However, minding that of the divisor

?. 1, only known that it is normalized, the method for
oblaining the digit group described before, exhausts all the
possibilities; as was necessary to demonstrate.

The machine algorithm of the division operation with
simultaneous shift of the divisor is usually not employed
for the reason that it either results in a loss of division
signs and less accuracg in _division, or requires a divisor
register and adder of double length.

However, by using a ring shift of the divisor it is
possible to eliminate the efiect of shifts on the duration
of the division operation without increasing the squipment
and without any loss in accuracy.

This method presupposes the utilization of reverse

codes and the presence of a circuit of cycle carrg in the
e

adder. Apgarentl¥, the shift of the remainder code on the -
adder may be practically not made, considering that the place
of the point is "moved" over 1 aigit to the right.

CorreSﬁ?ndingly, on the adder is to be transferred the

divisor with a ring shift to the right. At every such trans-

fer, the position of the point and, correspondingly the
osition of the sign digit are "shifted" in the adder over 1
igit to the right. The further actions are obvious.

As an example of the execution of the division operation
with the utilization of special EM), may be cited the method
of M. Nadler, realized by means of the addition EMO with
an incompletea carry. However, in some cases, it is even

ssible that the sign of the remainder, i.e., of the quot-
ient digit will be determined incorrectly, If it is assumed
that in each digit of the quotient there” is alsgo "~1", then,
using this method, any error in any one of the digits may be
corrected at the expense of the following digits.

The operation_ is completed by reducing the obtained
quotient to the ordinary form by subtracting two codes,

corresponding to the positive and negative units in the
quotient digits.
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Speeding-up of operations may be achieved in many cases
by eliminating normelization and presenting the numbers in
e
it

ot pormalized condition. Thus, witbout considerable loss

in accuracy, is possible at multiplication to have only
one of the multipliers normalized, and, moreover, ite normal-
ization may be partially overlapped in time with memor

aocess of the other multiplier. ~If the result of addition

is to participate in the subsequent addition, its normaliza=
tion to the left is also not obligatory.

A certain speeding-up mai be achieved bﬁ the representa-
tion of negative numbers in the machine in the reverse code,
on condition that besides the sign is introduced the code
feature. In this case, at algebraic addition, no time is
yasted in the adder for the conversion - it coincides with
the trensfer of the code into the adder (at multiglication -
snto the multiplicend or multiplier register). I1 is
expedient to introduce the code feature for digits as well.

It seems expedient to increase in the machine the number
of active comput§n§ devices, capable of conductin% computing
operations in parallel and separately from each other, and
cavable to ensure a wide direct exchange of information by
interaction. The presence of several active computing

devices permits to obtain & more effective execution of
comflexes of operations, as well as separate arithmetic opera-
tfions. Let us consider the possible procedures for the
realization of certain operations in conditions of an
increased number of components of the arithmetic device.

Assume thats
{T’}‘ - is the condiﬂ'f'son of the device (adder-S5,
L

register =~ at the 7 -cycle of the i -stage
of the process.

4p o-p
(T} {T} -shifts, to_the left and to the right
' respec%ively, over P  digits.

L Calculation of  W=0a8" with miltiplication in
a descending order of degrees 2%,

It
b=, U+ E Vet t=1%,
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.-./O""

Then: g,("gl :g, 6': + EI]-K., u g:‘#l '2Lg;1(" t éh-k-litgk’f' &'I'K -
Take part Sg, 5€"; Ry u Ry
) Epo~ 7O

-2

{’SC}, K-l {'S L Kot ) {_sc”}n-xq:{sé"}n-;ox,
p ) £h~k~l 1

{ }n K1 { }’W -2 {R }n—n R {SG’“}h K- {S4L}:~1K-L
2) [ }h k-1 { S }t:i-: ) {s{.‘}:-w(: [‘SC"E-K-[’. [Sﬁ}:-K-l
3) i-SC }:-Kvlz {Se}:::l ) {Sgtsi«.f{se‘}:_n-,*{Rag:.i-»

' B) Calculation of _tt=a8" with multiplication in an ascending
order of degrees 2%

1)

~

Let us designate: ©;= €0+ L2+ o én=0
@J - QJH.,é‘j

> = +9° X (xs
Then: 6,86, +&,., 3" Eha

~L ~L -
ék‘uz gx + £K‘+l gk‘+£k+y

(Seli {5 (Ro ;= (R

By <1
I { ¢ j {Sc}J, ; {Sc*J {Sedi+{Se);

= {,‘SC S}+[R®Sf'l ) {'S 5("& ‘idjjl ) R"‘j.f ={'ta};”‘

The schemes A and B require al each stave the knowledge of
only one figure " ® ", Therefore theﬁ be adapted for any
process in which "6 " is determined digil by digat (for
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- .
example é=a- , then g:a 5—’-)1' ).

The schemes considered above, may be realized in decimal
code arithmetic devices, provided certain modifications, are
brought in the schemes for the reason that doubling may be
effected in the decimal code adder. Thus, multiplication
of "& "by "6 " in the descendiung order of degrees of 2%
is based on the presentation

Q6= {{(Q€,2+ A8, Araty, J2+~+aE,
and is realized in the machine arithmetic device from Sp and
R, by thc operation isp}j ={Sp)i+ E{Ra)

¥ ora i+t 1 1
and ﬁsp}j={sn} =£SP}j+isP}j and in the ascendin
orGaer in the machine arithmetic device from Sp and S, by %he

operation
()= (Se 3t 6ilSa)in s [Su}i*{Sadi

The direct execution of this multiplication requires the
determination of binary digits. In this case it is advisable
to use the well known decomposition of a prOfer decimal
fraction into a binary fraction by the overflow of the adder
S &t _the operation §°%, obtainingMEinany digits in the
descending order of the degrees 2X. "Minding the greater
efficiency of multiplication in the ascending order, it is
expedient to uee the number 6' , dual in relation fomgm

leBs
' h h-
B'= €, 2"+ E LR R g,

At division, binary digits of the quotient were obtained as
a result of a corresponding trial and error procedure, and
proceeding to the multiplication with these numbers, it is
gossible o form a quotient decimal code in the adder S
instead of Rq ).

In the sane manner may be modified the afore described
scheres for execution in the decimal arithmetic devices,
Para. %, oETHODS FOR REDUCING THE TIME OF ELEMENTARY
MACHINE OPERA1TIONS
" An important condition for the accelerated execution of

the addition EM0 1is that each component of the add circuit
is of single-shot type.
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Usually in add circuits with single-shot operation
components, for the addition procedure are used memory
registers of both addends,

As a result it is possible to eliminate ons of the

momory operations, connected with the number transfer, as
racticed in computing impulse adders. When it is mot
esirable to utilize in the add circuit the memory register
of the 2-4 number, the single-shot operation may be achieved
by means of a scheme in which the code, of the number stored
in the adder, is defin?d in each digit by the position of
two memory components (the combinations 00" and "11" corres-
pond to the code "0", while the combinations "10" and "O1"
correspond to the code "1"),

The functions from the digit and from the carry in
this circuit are divided between different memory components,

No simple mechanical solution has yet been found for
reducing the time of the carries.

Adding devices in which the average time of the add~
ition EMN) is reduced by strictly noting the moment when
the carry is completed, or by introducing "by-pass circuits"
in the through carry circuit| are, for the time being, of
extremely complicated design.

The problem of group shift acceleration may be solved
by means of a special shifter.

The shifter (see Fig.l) is a ferrite matrix in which
a

the information is simulfaneously recorded on all the ferrites
of the given column, (each matrix column Sorresponds to a
certain digit of the recorded information).

A1l the ferrites of each matrix line are transpierced by
a common reading wire. Besides the recording and reading
wires, all ferrites which enter into one matrix diagonsl,are
transpierced by common shift wires.

In this manner, when a reading signal is applied to a
bus, the number shifted over a cerfain number o digits in
the direct or reverse code is read out.

The number of apparatus in this shifter is not greater
than in usual shifting registers, but its functional diagram
is more simple.

. - A ..':.5 N } 0.s.~'»,.l'.' |
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. Paray. CIRCUIT EXECUTION ATLORITH.LO FOR COLPUTING
ELE.ENTARY FUNCTIONS

The calculation of elementary functions should be includ~
ed in the list of main machine ogerations adaﬁgable for cir-
cuirt execution may be considered the algorithms for the
calculation of function values, developed from the "digit by
digit" algorithms in the following directions.

Direct Scheme. a) Specially selected trial and error codes
are periodically generated by transmitters;

b) The result of the trial and error procedure defines
the method of formation of quantities by the arithmetic
device. These quantities are consecutive approximations to
the value £/(x)s

Reverse Scheme. The trial and error codes are consecutively
Yormed by the machine arithmetic device;

b) The value £/r) is formed on the basis of the trial
and error results from specially selected codes which are
periodically generated by the code transmitter.

As elementary machine operations for circuit execution of
the calculation of the values #(z) may be adopted:

a) Addition @ *¢; 0,
z,
b) addition with shift @ *¢& 6, ¢
The lift elementary machine operation may be frequently used
at a,=0;
By a,téa; 2% =q (126 2%)

Elementary machine operation

£ - miltiplication by the numbers (/*& 2%, & =97

depending on the results of the trial and error procedure.

It should be noted that any number Z n?; be represented

with an accuracy, up to 2 in the interval

i e 2)-2=77/1€ 2"/
in the interval (0’/)*217 [1-& 27¢) o
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e

-.14_

cider the execution of certain elementary
functliggsugnc%?@l%gsis of elementary machine operations a,b, V4

For the function eF we start from the present -
ation

ye (12627 126,27)- (12 6 ) o8
The trial and error codes have the following form:

0‘=(/7 //3‘2_(‘/ (¢=<1Z ..., P)

Using the recurrent relation

“ls (2)
.g‘/';-/ :!""/’ré)*lg {///yj

% = . .. sdders
] ircuit of a device comprising an adder,
geingg';aégd;chiegisters and a shifter (see Fige3J.

i trial
. ne upon the results of the conmsecutive
and e?‘?‘ggnd;ggcaiculate Y+ by the a@dltlonﬁ'f ytjj_c :g

+1 shif{:ed over y,; digit to ’Pgexnght. L
Sbtain the values oI functiom,C &

By means of the reverse scheme, we can calculate the
function Y= n .

Using the periodically genorated numbers (2) and the
recurrent relation

o=l ) -
X, =L +€n e I
we mgy determine &,

) .6‘/'4-/ = 59/7 /.T‘er',/)
where ZL;., =L, +2 é’"’xc/'_

. : cr s . ed
' n the defined &~ it is determine
whethggpiﬁ%lggd‘égg Q1 participates or 10t in the
formation of the quantity érx e

‘ -1 X
tine the values of the functioms (I3
it ingIx‘pggli'glrll%.ato gdopt the following presontatlc‘)/n

‘f/.:(f/x:’faxe*""‘?/'”rf (/=135 P)
T ox=Ip
T Ajer
L, = L0
tg v Bj#/'
\Z‘i=azc£93‘4
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i for the values Aj.s _ and G, the following
glct'l};;gnga?g ations valuable take place:

A= A5t &jer 2 7 Bj .
Bj»/=81~-6j¢/2_(/'l)/1j~ (/ =53,...;l0} (3)
/70=0; 6(7:.{

. Ap _ ArBigx
(with A=4#, B,=8 we odbtain Z== gy s

The values X; are trial and error codes, on the basis
of ahich are determined the &/

Eioy = S (X=X ~Zjer)

Next, by adding the shift (af €jsy=1 ) are calculated Hjet
and 'ij/ (or-at Cje=0, Ajer =Aj s Bjs =8;) .t is

and so on up to ;=P . _Fgr_det%mmng t9x it i
necessary to maké the division 5

p . .
tine the values of hyperbolic functions may
be 'apgggegaécu}'gcéglgxre gimilar to that described for the
exponential function.

The calcuiation of the values of the function y=(1wzfgx
is made by solving the equation

5=ﬂ‘ﬁég(7:0

i rocedure is effected for determining _
Thegfilalbin%hgr?ing.npo% the value djss where 6 =Aier=Bsr

The values ; and BGj+1 are determined ‘t()g)f”

- tions similar to
and A, d from relatio

ine out calculations in decimal arithmetic devices,
{gg gglf.?réngengioned algorithms, must be so modified that any
shift to the right is excluded.

For the function (:/-ex the recurrent relation (2)
is replaced by

Yjy =2 g+ Cur Yy - (@)

% 1752
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where (I;I.P =Yy~ c*

For calculating the values ¢+ bn X i is necessary to
use the recurrent relation similar to (2') i.e.

o~

ka 6./', ix‘/.

~ it =

Loy =& %
X, =&

Then = =M LT
‘Z,./'*I e -Z‘/ -ij

For detection of (7;,, it is necessary to calculate
_ (I"’ / "J ~
Son (X-Z;.,) =Sgn (€ z-x;)
When calculating the values of the functiom Y= 29 X the
relations (3) are replaced by

ﬂj‘" =£j" /q/'*d?/'ﬂ B (3")
B =2 B =Gt Ay =1210)

A0, &=

Para.5. SPEEDING-UP OPERAIIONS AT MICROPROGRAM
CONTROL
The use of microprogram control in digital computers,

presents many positive features and also speeds-up machine
operation.

This is achieved by introducing in the external
alphabet of the machine several symbols of accelerated
al%orithms, included in the executed program as a character=-
istic elementary link.

For other terms, this is achieved by forming new
computing operations which are characteristic for the execu-
ted program and allows to make the most efficient use of the
equipment. Such methods of Speeding-ug calculations are
intermediate betwsen the methods considered before and methods
related with the concrete pecularities of the program.

Thus, the gain in time, in this case, is the difference
between the time needed for executing the calculations accord-
ing to standard programs composed of external alphabet
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operations for a usual machines and the time for executing
the microprograms in the machine with microcontrol. This
difference is mainly caused by the following:

1. Microprograms do not include such operations as
control transfer and memory of certain command addresses
for matching the main program with subprograms.

2, It is not necessary for many algorithms to bring
intermediate results to a standard Iorm, for example,
rounding off and normalization may be omitted.

3, It is possible to match in time different operationms,
as for examgle simultaneously with the addition performed
in the arithmetic device adder it is sometimes possible to
re%q‘dut from the memory the digits for the following
actions.

4, In some cases the specific features of the algorithm
may be used to advantage.

As known, the reverse value %{ , may be computed by
the iterative formula

Yoy = Yi (2-%4); (204, L) 9,
Let us reglace X by 2X:

Y =2, (1— XYy;)

In this form the formula becomes convenient in that all
the numbers particigating in the calculation according to
this formula are not more than a unit, grovided a limited
interval of X modification is used and the initial
ggfroximation Y, has been approgriately chosen. (The

tiplication by 2 may be perforue by a shift or addition
of the number with iteelf). This allows to make the
calculations with a fixed point. MNoreover, no time has to
be sgent on the gubtraction, as I=X¥; represents an
additional code X¢; , which at all f%eratlons may be
replaced by a reverse code without loss in precision.

It is known that at calculations according to the

indicated iteration formula the pumber of true signs Y:
is doubled,with each iteration. Thus, in Y:; may be left

n.g-txte of higher digits and all others may be
discarded. This may be used to advantage for reduci the
time spent on multiplication by employing ¥ _8s mulii-
pliers. The avera%e number of additions in multiplications
in this case will be equal top « The initial approximation
U be computed by the formulas of the type:
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Y= ax+b
Yo= AL + ‘6—x)z

shere & and & eare constants. In this cese the time

of multiplication may also be reduced at the account of the
small number of digits. It may be considered that as far

as speed is concerned, the method just considered may compete
with different methods of division digit by digit, including
the accelerated methods, as well, At present, when single-
sided high-speed memories of large capacity on paper lists,
have appeared, it has become possible, by lncreasing the
number of constants, to pass Irom one approximation polyno-
mial for the elementary function to a series of such
polynomials at separate intervals.

Let us assume that ihe function value is to be determined
at the interval 0%<X44 . We divide this interval in two
equal ones by their length, and, in each of them, make an (ih
approximation of the function by the ;%olynomial in the
degree. For each X the groupS+4 of constants will be
determined according to the ¢ of the highest digits of the
number .« The lowest N-~q digits regresent the difference
Ax between X and the nearest lowest table value of the
argument. The approximeting folynomials are calculated by
the Horner diagram with 7 multiplications

(... (XeAX+Q )ax+ % p)... + Qg

Obviously, in the polynomials, represented in this way, the
coefficients Qi Ay,...,dy as may-be expressed.without an
exact mumber of digits. ~As the values { 4X )¢ after
the point, have not less than ¢ zeros, i.e., the number
of significant digits which ihey contain is nol more than
n~9¢ “consequently, the coefficients Q; may have not more
than n-~ g significant digits. The advantage of thic method
of polynomial re%resentatlon appears at multiplicution,
owing to the fact that these values may be taken with an
uncomplete number of significant digits.

It may be easily seen that the first multiplier contains
on the average $(n-S¢) units, the second -f[N-q(s-0]
units and the Iast f&n—q) units. Thanks to this, the
calculation of the polynomial is considerably accelerated.

The analysis of the methods for calculating the element-
ary functions” %.VX, el" énx, Sinx, t9X, arcsink, arcigx
shows that provided slight modifications and additions are
brought in the usual arithmetic device it may be used for
the execution of these methods. Thus, for computing vx
it is necessary to provide an output in the control device of
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Y

the last digit of the order, and the possibility of high-speed
recording and adding constants in the order adder.

Under these conditions, the speed of calculation of
elementary functions in the arithmetic device controlled b
a microprogram of an appropriate arrangement is increased by
several times.

Thus, the conirol by microprogram ensures the possibility
gﬁ makig§ efficient use of all executive organs contained in
e mac :
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'MACBINE TRANSLATION METEODS AND THEIL APPLICATION

. 1O ANGLO-RUSSIAN SCHEME

I.K.Belskaya,

Academy o7 Sciences of the USSK

In this paper an account is riven
of a scientiiic rasearch which
ha< vesulled in devising an algo-
rithmioc procedure for machine
translation ot differcat langti =
zges into Russi=n | I/,

Methods evolved for translational
purpoeses arv ¢wpleined, the Aaglo
Russiian scheie being chosen as an
illustration of their applicatiuv:.

I, INTROBUCTION

Research in MT methods, which are outline. below, was started
late in 1954 on the initiative of Academician A.S.Lhesmejanev,ire-
sident of the USSR Academy of Sciences. ihe 1irst c.pericents in
uT from English into Russiar were carried out in . gcenbor, SR
/1, 2/, which terminated the first stase of the research.

some of the principles on whic: our re & Il o Hose

put formard in earlier publicaticur, amon
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féned in RESEARCH, October I957/3/, ecan also be mentioned,

Since then considerable progress has been made towards adéqua—
te formulation of the method; e are now in the position to say,
that the second stage of the research has recently been comploted ,
in the course of which the suggested methods were shown te be of
. eneral ap,licability, for which purpose these methods were ex-
tended to cover MT from languages differing from English in etruc -
ture as much as Japanese, Russian, Chimese and German /4/.

As t0 the Anglo-Russian scheme of MT the research here has
reached p stage where complete grammatical amalysis at a bilingual
level as well as rearrangement of most dmportant types of English
iﬁiomatic constructions can be accomplished, grammatical modifioca -
ticn of the lussian translatien (which indeed 13 the simpler pars
of the problem) being performed by an independent st of routines ,
terned Russian Synthesis,

In addition to this, the progress im Angle-Russian MT hag ta;‘
ken the form of considerable growth of the voluméiaords now entered
into the MT diectionary. hMere than 2000 words are stored ia the Eng-
1ish section of our multilingual MT dleﬁiﬁnary, a still greater
number of Lussian equivalents being stored in its Russisn section .
vhe dictionary thus im made to cover different fields of applied

mathematiosx/
To complote this stage of research e layge~scale test ¢f ths

been
Anglo-Russian sheme has,carried out, 100 samples (which amounted to

1/ Participants in this work were GvAsTarasjova, whose contribu -
tion with compilation of sthe Anglo-RBussian Dictionary is moat
valuable, and L.M,Bykova

-

,
e
z
4

<

oty
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amounted to 3000 sentences) of ‘uﬁknown taxt' werxe gelected st xan-—

fevent English authors, and tranglated into pussian in

provided by the MT dictionary

dom from dif

stric® accordanco with jnstructions

any transl ‘tional routinesl/. The ten persons chogen to carry out

xnowledge of English no¥ fad they any provious
/

experience with the tasks required2 o
t that the scheme ia very cffective at

the experiment had no

1t emerged from the tex

dealing with all gorts of texts restrioted, lexically, o applied

mathematies, wheroeas grammatically no limitatibn as to type of the

aritten text has been found necossary. I OF 2 woxds per printed pa=-

ge is the average for typnknown' words with the preseht siae dictlio~

nary, whioch pakes the translation quite adequate for junderstanding

(see Tables Nos 1,2,3,4)0

For this reason as well as for reasons of preserving the pXo=

posed series of MT diotionaries sirictly specialzed as to fleld, we

are not inclined to increase the golume of words in the present dig~-

piling medium gize (say, 2800~
This indeed will

tionary, but rather proceed with com

3000 woxrds each) dictionaries for various £ields,

L2 ouy occupation at the next - tage of researcho

panslational routines tor Anglo-~pussian MT being final achie-

vement of tne recent research, i1t seems VOIY reasonable, ir the

present communication, to lay partieular gtress on diseription of

translational routines for vocabulary and grammatical analysis of

the tnglish sentence. As {0 the principles on which MT vecabulaxy

1/ A.I.Martynova was engaged &€ guperviser in the testing procedure}

2/ geveral samples translated in this manpey are given in Tables

Nos 1,2,3 and 4.

3
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‘15 based, the reader is referred to our earlier publications /3/.

2, General considerations. Applicability of T metheds.

0f two most gencral ¥l problems - those of possibility of wma~-
chine translation and of its applicability - the former haa.already
been resolved, both theoretically and practically, whereas the
latter problem still remains open for discussion. The objective of
the present research is to prove applicebiiity of M? methods ta any
sphere of language,

To date, it 1s only within the limited sphere of sclentific
writing that the applicability of 4? methods has won general recog-
nition, As to other uses of MT most machine translaters are ingclin-
ed to feel very doubtful /4/,

However, the majority of restrictions imposed on MT appliocaw«
tion, when dnquzed turn out to beQ;o a vory strong ineclination
on the part of 1nvestigators toc describe the translated language
/seurse language/ in terms of ocorrespondence to some other sysiem,
say, another language, or a group of languages, ox science other
than linguistics, especially logics ox paftaoular flelds in mathe~
matics, The possibilities of MT are discussed then as dependent on
comrion clements in the compared systems, These elemenis pay bé mnore
or less numerousy yet absence of complete correspondence bhetween
the systeps, which 1s usu#lly the case, inevitably brings about 1i- '.
mitations to the scope of MT, Thus, application of machines to trans-
1at1$g literary works of art has more than once been declared as

absolutely ruled out (See, for instance, Hef.4, p.42)

In our opinion, it seems very reasbnable"to,cxpootﬁ that .these

limitations can easily be sliminated, should the probiem be forxmue
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ixeed.in & different way, namely, 'whether 1t 1s possible,within
any lanzuase existing, to give formal description to any of its mul-
tiple spheres, individual as they may seem?!

This comes to th.

of .t

applications, be it ag narrow a sphero.asq 84y, Wordsworth's popt-
Ty, and, further, whother these rules cam be formulated finto a
formnl set, .

Apparently, every plece o2 writing (inpofar ag written lgﬁgua~
¢o 18 discussed) can be analyzed on theso lineg within tho sphe%g
where it belongs,and a set of rules for such analysis oan be laié{
out. It is essential that these rules should be formal all along
the line, Yot this 18 no obstacle either, since language is but a
forual system o speeific character developed by man toe give com-
municative experession to his mental activitios, Ag a conseqguenge
af the foregoing,it is iumediately obvious, that
reylistic peculiarities of literary works of art caa eatistaotorily
by resolved, 1% treated on the lines suggested above, 1.0, within
the sphere where they belong,

in this light, the supposecd ‘pringipal informali~
Zability' of poetry (See Ref,4) should be rojeoted,, Contrary to

is 8upposition, pooetry, as indeed any ptece of litorarxy art Qhera«

forznel elements are of no wminer imporiance, 1is parttoplarly éascapn
tidle to maechine translution, in this sense,

This assumption hag parly boen justifiod on empirieal grounds,,

that 4 by experimental translation of passages from Ch,Dickens I/
Illustration to be found in Reference 73/,

: - 81-01043R003400230002-3
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J. talsworthy, J. Aldridge and Edgar A.Poe, /See Tables Nos 2, 3
and 4/, It is our firm belief, that further invsestigations will
ocompletely eliminate the restriotionsimposed now on MY application,
An adequate description of a langﬁage, as fndeed of any parti-
cular sphere of it, should finally aim at establishing within the

analyzed system a set of correlations of the following type ~

Tueans z=offect | , by vhich the correlation of linguistio means
and their meaning (effect) is irderstoed.

jPaken in its most general sense, the tramslational problen is,
in effect, the problem of equating the aforesaid cerrolations ef
one language with those of another.

The procedure can symbolically be expressed by the following

ohart (See Fig.I.)

; mes” = effectl '
1

effeci, Jo% means, i .

Fig,I,

~

' el
where 'effoet;' and ‘effoct,' are identical whereas meansl‘ and

'meansz‘ differ.

In the course of this substitution of one language for another,
transnosition of semantic content from one iangnage to anothe% is
realized.

In conclusion, a final word must be added on the problem of MT
prerequisites, lhese do not rest uwpon the existence of common basice
elements in languages, as is often pointed out, but rather include
the following two factors:

a - .
I, language in iiself is butAqystem of formal means by which commu-~

nication of meaning is effected;
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developed as +o0 express in

various

el

2, all language‘systems existing ere SO
any aﬁade of moaning as well as

thelr partioular ways

emotional affect8.
g that

on our symbolization,
in any two 1anguages
neans’ €ally comparab

- this comes to sayin

when falling back
18 equal, which pakes

the number of’affeots'
10, through

the corresponding gystemns of

their 1gffects’e
Since language gystems are fornal, any applioation of thenm

rovided with & description programmable on a machine.

gan be D

outiine of Translational Routines.

edure covered by translatianal routineg ¢
these heings

r which purpese u7

3, A Short
Genexral proc an B
.inﬂapenden$ stepd;
o source "1language fo

ed}

dotionpry routinep axe U9

o for which purpose

ken down into threec

lary Analysis of th

bro
1, vocabu

aictionay and a set ot
ical Analysis of the source languag

XIeG.r&m-ﬂ‘-ats
Analyeig ggutinae aro aeviseds. .
gl Synthesis of the targot language gor which onds the

synthesis ;gutinég

jgferent gource Langus

IK{Grammatio
15 applied {0 the texts

game setb of

£SSe

translated gyom 4
the translational yroutines will

10 make the outline conecrete,
ad in their Anglo-Russian reaiiaation;/

further be deserib

Ag Dictionary ggalxgis.
gngliah gentence starts with gearch-
e .

pictionarty Ansalysis of fhat
n
girst diotionary

ing every word of the text MT,dictionary. The
1/ gomplete 1ist of t given in the order of

their application %0

ranslational routinos
be found in Table No 8e
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routire to Do uscl hére ie that of transforning words of thq toxt
" jnto tho standard gorme listed 1:;5'? aietiot;ary (see Toble No 8)e
Thus ‘wanted' will b gransformed into 'qaat‘, vgeopped" ih%of‘
tgtopts, egoming' into toome’ o s1ying' into vige'y tgopicn’ into teo-
oy, sbipgger! jnto 'hic', otos )
wi.on dictionasy search i8 gomploted, another rodtinc is appli=~
od .hich concefns 1tself with the words that for various reésona
have not hoen found in the dictionary. These are termod, tanknown’ -
worus?, boocause thoir loxioal equivalents remain unknown thgongbont
the translatioml yroccdures ¥8Yg fop the gorthconing g?ﬁzﬁaﬁicni Anos
1ysis, 1t 1S essentiol that grammatioal qualitication of the fun~ -

known words® ghoald bo obtained.

£
it is impossible t0 gorcsoe every word in evory %oxé&@ Tane

Euaae or cven of its particuler sphere, gince s¢ne of thexn méy b
ocourring for the gipst time in tho languoge, not %0 pention quite
o nupber of more trivial re asonss
liowever, the ‘unkpown words' do not agfect the translationy &0
far as gxammat!cally they have been olassified, T0 moed the lattor
problem & VBYY important routino, that of classifying tupkuown
words? into 1parts of gpeoch' hes veen dcviseds whepe észeusiVQ.nso
4n made of porphology end syntax of these words. ‘
Another cetegd¥¥ 0f sentenco oongsl tuents which underEs prﬁii«
minaxy gramm.tical analysis in accordénee with 8 digctionary rountine,
are the go~oallod v gogmulast, by whieh various syahols used 4in qaigfo~
ront oionoes are understotdo Syntactioni.§ngczion of every 1 goromlat

with i
jn the sontence ig dcgined in ‘&ceoraaneghf a special roudings

3

)

8 ’ . . )

~
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So wuch for the words and symbols not found in MT diotioﬁary.

In addition to lexical equivalents, words fouud in the dic-

tionary aro provided with snformation (termed !invariant characte-

ristios') which is partly grampatical péxtly gemantic in character. -
For more dotailed diseription of this inforamotion the reader is ‘
reforred Lo our eariier publication /3/« The only thing that nged
ho mentioned here, is that within the 'invariant éhwacteristfcs'
obtained from the dictionary final and preliminary information 18
distinguished, Information ig considered fin.l for dictionary cyc-—
le when lexical equivalent of the word is ineluded. Instead, pro-
liminery information of the word is restricted o the indication .
'homonymous® or tpnlysomantio’s . '
heen ¥y
Special routines haveAJevised o0 deal with hemonymous and
Jolysemantic words, tho analysis ‘of fermer words preceding that
¢f the lattor,
3he four types of tHomonyms' analyszed by the routine, are
those of 'abjective-noun’ (liomonym 1), 'noun=verh® (Hom@nym.z}‘
rverv~ndjective® (lomonym 3) and of ‘preposition«adverb’ (namoﬁym
&), Among ilomonyms 1, & more complicated sub=typo i3 distinguished .
that of tadjoctive-noun=verb! {fomonym 1 Sompliocated). See £ig.81
Cp.: OCHECK: I adjeotive - KOHTPOAbe\ﬁ '
| 2, noun - KOWTPOAD
3, verb « ‘'polysemanticts
SQUARE: . adjoctive = KeAQPATHBIW -
2, nous tpolyseaantio®|
3, verbd - BozpeETH B KBARAKPAT

Figo2.
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o oegmonyna 1, 2oemt U8 cor.bination of worpholo=~

TR G B S R

analysis of the word is used, Thus, any in-

< ieal and ~yntactical
ST) identified in siomonyms I oY 3 ma=

“1:etion Laxecept for ER or I
just as ED or ING in-

112
ssible alternative,

cen ‘udjective! an inpo
seiution., These aro moxrphio- .

slexion in Lomownyn 2 0YOSS out 'noun’

which do not, however,
ow of scarce inflections in

logical oxitering find as wido an applica~
Liou as syntacticnl analysis does in vi
et leh,

The infornation Homonyms acquired in

aig LAy OF »cy not be final for the dictionary cycle, sincc some

of them are provided here witi the indication 'polysemantic' ins ~

the course of this analy-

sond of lexilcnal equivalent (Soe Fiz,.2,)
Total number of polysemantic words stored in our dictionaxy

amounts to 570 words.
setermination of pultisle woaning i8 performed by speoigying
iypie: 1 contexts of polysemantic worus in acordance with a spe-
ary Analysis of the English

cial routine which concludes‘nietion

£ontLeNce,
principles of this reutine have beon discussed
S

oposo Lo dwell on them here.

two illus~-

Gince basic
slszewnere (fee flet.3), we do not p¥
r comprehensible on its own,

10 make this pape
ave been in-

liowevel,

of context analysis of polysemantic words h

6 and 7). For details and the

trtions
siuwiecd {See Tables M08, hackground
of the mothod, the ronder is relferved to our ecarltier publication

/37

B, Granmatiocal Analysis.

up

grawmaticol procossing of a scntonce is broken}into {wo inde~

{
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, e bvoin and Syuthesiso ine latier is
for which reason 1t 4g not here that tho
falin inberes?t gt the probleu tien., S0 far, the discussion of
Lyntheais will be restricted to a fovw general comments.
5ynhhesis youtines provide rules foY grammuticul modification
nf Lhe t:caslnteé text in accordance with grammatioal information
Aptoined iU tho course of the snelysis of the tLnglish original.
nire LISV impﬁrti“t peculﬁarity ot Syntbesis rontinee 18 their
non-vomugrative ansture, which means that rules of sord=changlng,
ag '70ll as certain rules of word=bullding, are gormulatod strictlj
within particular targot Longuatte owing to this, the same synthe-
i yontinee ean he applied to sentonces vrenslated {from gifferent
1anguafes.
LoweveFy synthesis requirements are inclined Lo increase in
case these routinos 56rve multi-lingual 4T purposes. with multi-

1inrual AT in view, synthesis routines should be:

1. ausy Ik in desceriiing targetnlanguage word-changing sysbeiny

since grammntical rules with no application 4n w7 from one lan~-

ot .0

aage way beeome vitally tmporiant when the source jangunage 38

b, nod;

e e _evmt eI

P ILING in carrying through any jnstruction obtained from the

annlvsis of thae source 1angualit, which makes necessaxy providing

avaery 'non-productlve‘ categoyy ¢f the targod l1anguage with &
productive' g@ammatical equivalent.

So Iar e probles nt grummatical equivalents within &
PR AT Lheuretlvaily? giands ont OF woet important gor Synthe-

st in )

synthosis routines ghould be 1§DEPENDLNT of Analysis, since the

'a

11

Declassified in Pa i
rt - Sanitized C
opy Approved for Release @ 50-Yr 2014/02/27 : C -
: CIA-RDP81-01043R
003400230002-3



Declassified in Part - Sanitized Copy Approved for Release

® 50-Yr 2014/02/27 : CIA-RDP81-01043R003400230002-3

ey .-
o™ —— -

) —

s o+ .. ey irfersnl languages,

.
s e Toar
PR a Laaand s

[

aquomt' Analysis cannot be recomrmended,

. 1. wpelt molb oot o'l oheip to o ake it economicnl. Analysis
STGwAoiis helny numersus and important scientifically, thoy indced
ey wpoutal discuasion which is given below.

nziish Anal

rgis is covered hy six routines, which are appli-

aC in the order indicatad in Table Lo 8. in vic. of len th limita-
tions of the presgent com.unication the discussion is restricted to
renoral outline of most important aAnalyeis routines, among which
“vor. " end Yoyntax? stand out as routines playinéiiey part in the

sLole vwrogcdure of Analysis,

iy iThetvern inalyeis’ routine

ig divided into five sections, k

the rirast scction being cerpulsory for evexry verb of the sentence, ‘

mheresc 3§ remiinin-s sections only one is employed for cach type of i

s

ce oy zed verhse

in Section I verb selection for further analysis is performed.

anong, words picked out for analysis in this routine axe those
) gevsessine the inddcation 'Verh', so far as they do not have any

1to be Disregarded (D)'
51 th.e following inuications:ﬁ' ‘ot to be

v ew! (aungy or {Russian) indicatione 'Participle', ‘Verbal Ad-

v.ri! or 'Verhal ‘oun’, Checik-up foy absence of these indications
is meant to exclude fior further analysis those of the verbs that
s ave been elsewhere proviied with characteristics that satisfies

~yntiesi  routines,

in addition Lo verh selection, correction of eertain verb in-
.jcations is emvisaged in Section I,

Asong verh indications liable to correction are those of ten-

.
|

i

12
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copt.e Tohae AT O i f-cliuses .ny of ¢ s8¢ overni.ent with
;1 wnnTbhb3, 9 vell oo 5GP sore purticulnr indicationse. Ananlysis
ot honOoIyL.ous ¢orns, snch '8 rast mdefinite and subjunctive, of

trropular vorhs also palongs DEF6e

ena=up foT gruumutlcul gontext implying correotion a8
qosnit ity is partormod poth when one of the above-mentioned in-
Jdcabions 18 ascrived to the nnaly zed yverb in the dictionaky and
.whon it 18 ahout to be developed 1n the oonrée of furtiher® Analysis.
Ly s inaYY clieci=t 13 of ection 1 are goiloved by verb ana~
tysis B yihe1t) o for whidch pur;0sc the analyzed verd is sent to one
o f the ivul Lafrerent geciions, digferences in morpbological
T decisive in choosing the gection.Thus,

s Lrueture of the verb bedd
verbs wiih :~edingI/ are sent to section 11, verbs with Lieendisg,
e coertndn forms of trregula?® gerba, enter section IIl,

. neending aFC cirected to Section fv, whereas vexrbs

kU ‘Jr!.‘l.- wa s
not intlectec are apalyze. i9 segtion Vo

rranaticnl qualiﬁcation of t§eyorba' 10 section 13X depends

¢ only ending of the verb, or anotihe¥

th 1%, In the jatter case,

TR ar sbant sut &8 th

ede {uannlly {r) 18 -nﬁsoclnied wl
che followity indications are devalopod gor the Khussian equivnlcnt
which imply furthey analysis

1 erhrl 0UN, cuters pluralt,

routine at the proper time.

LTS W
1ioun’

is applied to offixes following the sten of the

3/ gpe term - NDIRG
preceﬁing the stew aFe called

=qord, whoreds agfixeos
c'Pd&FULESo
xels

tives tlint axre usc!
vabi:a axe tormed SUFi INLSe

AFVIX &8 restricted to thoset forma~-

that the tefrd
whereas, ¢ormatives usgsed

in word-cnangins,

tar wCri
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T TR S Ca M tmlish ehnracteriatices of the verd

{ opelieate in the rreseid inaefinity forwn) is trans formed into fluss-
Adian nliestiong, but not without cheoking=-up gor corvecotion con=
Jitious (See above), liesultant characteristios 35 'Predicate®,

gusociatad wits cither tupegont? OF sputure tonse'e number and

porson (or gonder for the Past tenso in othe? cases) of the Qus-

sian predicnte remain notb defined until the subject of theo hussian
ssntenco 18 determined,
rhe annlysis of 1p=vorhst, 1.0 verbs with En-ending end

certain proups of irregulel verbs, i8 pertormcd in Scotion II1X,

where'syntnx qefinttely takes precedcnceg,Tho four main patterns
of gramiatiend verb tontext analyzed here are indicated in Toblic
No O as ‘atiernd 31 : Ia, Ib, 18, 143

2 ¢+ 2n3

3 . 3n, 3b3

4 ; 4a, 4b, 4C.

Noteworthy is the fact, that contex analysis of a woyd iup~
lies, in all caces, obaervation of *Rules 6I.WQ{Q.59%QQ}%§QA§5
glhiege rules nre h.sed on classifying ell the words in a sentence
1nto three cato,ories, which are:

i, woids of third~degreo s tyuctural significance, where particles,

9dvcrb1ala, parentheses and coordihatedl/

parts of the son=
sence; are included;

11, words of pecbnd~degtred structural significance, where different
words nmd word groups bolong, so far &8 they oarve placcd In
tiie attlridutive position tovards somnc word of a sentence;

11i. vords of girst=-ldegree structural sipnificonct, which include

words nod sdentified as velenging te either of the two pre<

17 o torn Loul INATED ig applicd to those parts of tho sentonco,

shich aro introduoced by na cooniinating conjunctbion or punciuation
natic.

) ¥ -
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el SRR

tvou, !oa, plicaiion ol ‘L.ulos of Werd seleoction® in the cour-

.r oatagory thab the

R TS PY o LA sl wWOordS va 203

sarehat are on dttod, chiet coustituents of the grammnt!cal

Ja

atiern yequiret tein,, thus singlel out,

iis is not tae placc 10 rive a detailed disceription of all

,ruERes. o8 involved in the analysis of verb pattozns in section

the c¢iscussion will he restrictod to Just a

bite
iit, Lor thils reason,
fer goraenis on patterns that bhying about the most interesting so«
ihey are .atterns 1:1a, Ib; and 2:2a,

jons of Pattern 1:Ia noteworthy is that

rutliolsSe.

Amony U iffcront solut

cf trausforoing :nglish construotion of ipdal Passive,

- plected Verb Analyzd

* indteated

verb ‘augiltary  IY Vorhb
(ue)

. odal

assian Active t.ompound predicatc.
.iofal analy zed
Verb; + verb,

impersonal infinitive,

ing aasgsocliatod with convorsion of English sdb—

the transformation be
ject into iussian pirect objoct (Sece 7ables Nos.I0 and ).

vattown 2:2a 18 provided, among othor solutions, with that of

Lrams formeation of taglish complex Objeot Gonstruction into Lussian

aubhordinate ct uso.

Lesul tant characteristics deveioped for the yerbs analyzcd in

jection [1( include toth morphologiosl and syntaotiocal infermation,

uf syntactical indications only tprodicate’ and tattributet are

ficed here, the former boing associated with morphelegioal indioca~
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A A TUE SRR L anynctive and \nrinitive axe developed %
_hero), of tense (Present or i‘ast) and voloe (both Active and raaéi-ia
vo arc terc develoned)o b
The smtieation 1attributet is accompanicd by po¥phological in~
dications of v articinlet, tnse ( rresent or pagt) and ¥oico {Acti-
ve or -assivae).
Ing-forus of the vorbs ave defimed in seotion IV, whero the
game verb pattorns are analyzeod . though importanﬁ.changos in tholr
value affeot @he order in which they are searched hore,
pattern I:1b disappears, shoreas Patterns 1:1a end 3:3a, 3b,
arc ~ach wider represeated here, tho form r pattern boing compliga&—

od by difterenttiating quite a punber of semantic groupsof verbs

st nificent for the iralysis, these groups are Nos I to 11, Olass e
and W03 2,707,027 ool 24, class il (Sec below),

1hepe n~re sore differences in medifications of Pattorns 44y,
& . o0 .omplate L.o picture, ano ther two pattorns ghould he mention-
od which are here introduced. They are patterns 3130 and 5150,

ile resultant characteristics of the Russisn equivalent verb

inolude one of the gollowing sctg of indications: I) tyeorual Loun,

deuter'; 2) tparticiple, fresent tense, Active voice; Attribute';

3) fVerbal Adverb, present (oF Past) tonscy &) 'Not to be Tranalatetl
(NY), to be pisregarded' (D). . In aﬂdition t9 &lﬂ:qg 'In’tnltivt ﬁwm;:
'Subjunotive' of 'indicative moed', with &he corresponding set'os
indicotions, is develeped in casd the analysed verd takes 1ts charae-
toristios from sonme of the 'selected (helping) words®,

vephs nut inficected arc analyzed in sgqtien Vo vegdb satterns

1:In, Ib, Io, 1@ are roplaced here by i1le, If, IG} pPattorns 2:2b,2¢,

16
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~pn adoal to cattern 2:2a, which, in 1ts turn, 18 groably eniarged.
_pherne 4:da and 5187 Qisnponry gnstond, Pattern 4:4c increcases
considerably, and vattorns 516b=1, Gb=2, b~3 arc introduced.

smong, differont goluticns of iatiexns 5:5b=1 and B:5b=2 ot
icast those two ore worth special mention, waich deal with trans~
formatien of the English constructions of Complox Subjocﬁ‘ann of
attributive Infinitive tnto the Russian complex sentence or subor-~
dinote clause, accordingly. ,

she resultant information here jnolndes tho indication of In-
finitive, imporntive, subjunctive or ndicative wmood, with the in-
Cientlona of tenwo {Present, Fast of ruture) ana voice (Active or

Indioative
ppesive) attached in case of the,"" 3- oud, Tho only syntactical

jndieation fixed here is *Predicete’

verb analysis in difforent sectlon of the routine is based on

the claseifieation of the verbs, devised to choracterize English
verks both within the English systen and with rega
trnialational traditions.

Kithin the English languagd vorbs are clessified into S MODAL!
and  ALF-A0DAL {(holp, anye), AUXILIARY end 7 sub-classos 0f HALP=-
AUXT:1ARLes, CAUSATIVE (cnuse, enablo, . mmke, OPdor, command, &toe),
LLULARATIVE {ceelare, call, label, wepori, otes)s vorbs takinm
vwo uhlocts (give, offer; permit, eto), 880

7o mect the reguiremonts of the fussian translational tradin
tionn, verhs avs divided inte classes ond sempaptieo groups. To date,
53 proup of verbs have boeon ocgiablished, Theose are eummari ed into
threo olasses, the first two closses comprising verbs having trans-
1ntinual peculinrities in ¢cinite {class 1) oF infinite fclass Ii)

foriaj olass 11X covers more complicatod onB808.
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1 arh Annlysis' routine is appliecd wntil very verb of the
eentanco is provided with all tie srammatical information veguired
in the .ynthesis routines, exce,t for the 1ndicétions of pumber,
perso: {or gender) which are not défined until the subject of the
iussian sentenco is ostablished,

.oteworthy is the fact that the information obtained in this
routine i: not restrictod to the analyzed verb, but is cxtended to
oover ihe information available at this stage of Analysis oconceru-
ing 'selected' (holping) words (verb, nouns, adjeotives, 80.) ond
punctuation maris, lioFcovor, quite a numbor of transformations in

sentence strueture are introduced here, which 1nokude*6hange of

word-ord r, inscrtin: noocessary conjunoions and other words or
transformations )

ptuctuation parks, ete, ﬂhesoAare aspooiated with the translation

of Complex Subject and Complex bjoot, Attributive Infinitiv: and

Gerundival Subject, as well as some other verb constructions,

Bo e %ha *Voxrb Analysis! poutine is followed by the routino

of the English text
devised to analyazu the aunectuation markghxit the exgeption of

those torminating the uttorancel/,
TI:e analysis here serves two onda, vne ig to establish the
'Bnelish functien® (4.8, a function within the knglish text) of

overy punotuation pari, the second aim betns their ‘Russian func-

i/ Note, that our application of the term UTTERANCL is at varian-

co with 1ts usual applications, A pleco of text, terminatod by
fullestong, exclamatory or question marhs, we call 'utterance!,
in order to distinguish 1¢ {rom tho SLNTLNCE, by which only a
simste .entcare is anderstood, 1.e. a sentencoe containing not
mnoYe ti.an ene non=grordinated predicoate,
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tion', by which their Hussian correspondonis arc understood, These

functions may or may not coincide. In the latter case, both English
and Russian indiecations are désoped. Thus, commas marking out a
propositional phrase, obtein Cngilsh indientions CP (Comma, Paren-
heticnal), assccfiated with Russian indications CDp (Comma, to be
visregarded in lussian), as a result of which this comma will not
appeny in the Russian text,
There are oases, when English punctuation marks should be

neglocted in the course of English Analysis, though rendered by the
sae wari in the Russian text. This 1s achieved hy developing th;a~

indication Cb (corma, to bo Disrcgarded in English).

B.3, The 'Syntox Analysis' rxouiingssucceed tho Analyeis of
Punctuation Zarks, since 1t is essential that the information
ohich can be abtained in both previous routines should be available
here, The analysis is ocanrried out by three cycles,

in Cyels I, varenthecses, comparative AS~phrases and Attridbuli-
ve word=groups, with a partielpley verbhal advirbh or adjeetive as
ohiof constituent, are wazked out by means of appropriate qualifi-
oation (and insertion, when necessary) of punctuation marks. This
qualifioation ineludes the developmont of indieations ch/e!GQmmag
Parenthetical, beginninz/cnd) and cab(ei&gmma, Attributive, begin-
ning/endj.

Attributive groups are not isolated until prelinminary chock~-
ups for ocertain patteras of crammnatical context have been carried
out, Amonr ihese pattorns arc the following three (See Fig.d):

I. Preceecding b

is CA
wvord
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2, Preceediny

s NOUR  ,..0se0000s0000s0s0e (On condition that
WOT. it is associated
with Pattern 3 )

3, Folioving
3a., Prepositiong . .\ may or may not bo
sy assoclated with

3b, Conjunction Pattern 2).
/or Conjunctive word/
3c. Punctunation Mark (PM);

3d. Verb indicated 'Parti-
ciple, Short form'.

Figo.3.
Practically, isolation of the above-mentioned word-—groups co -

mes to establishing their right boarder ('ond'), since the left

bYoarder (?'beginning') in these casaes can casily be associated with

the chief constituent o2 the construgtion,

The 'end' of the isolated word-group is searched to the right
of ihe chief constituent until the nearest following
a) cA® H

b) Noun with indication
(or conditions of) Subject;

¢) VERpB with indication Predicate;
or d) Congunction without indiocation tgoordinating?t

or e) Punctuation ilark without indications CP or 'Db!
('beginning') .-

is found. 1t is essential that the search should be performed in the
1/

order indicated above ™’ .

In Cycle 11 sentence boarders are established by checking up the

1/ Mind that wherever following or preceding words are scarched,
‘Rules of - Word Selection' are siriotly observed in the Analy-
sis routines, .

20
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uuterance.l/ for the presence of
1) Conjunctions with indication 'Inhomogoneous'{CI);
and/or,.... 2) Conjunctive words (nouns or adjeotivos);
" cesee 3) words with indication tInitialt;

" ..es 4) two (Oor more) Predicates within a passage termina~
ted by sontence boarders already established;

a) immediately following eaoh.otber,
b) not immediately following each othery

§) two nouns following each ether, but not joining in
a 'lawful! combination,

A very detailed analysis of every pafttorn is carried out in
the ovrder indicated above, Oxdinarily, sentence boarders do not
acquire the indications SB (Sentence Beginning) or SE (Sentence
End) -t this <tage of the analysis, but for two cases:

a ) uahex pat':rn analyged is
cI Adjective . /Absonce
'of condition' indicated * st
'pPredicative’ othor Noun /

% ) when two conjunctions follow each,Athe latter being provided

with a correlative conjunction or conjunciive word,

>

At this stage of the Analysis certain changes in the structu-
re of the Russian text are also provided, In this conneciion, men-
tion should be made of the insertion of the conrjunotive word 'KO0T0-
P8 (with appropriate indications) in case 1t is omitted in the Eng-
lish attributive oclause {Pettorns 4 ané 5).

In Cycle II1I information obtained by this time is uscd to qua-.
lify sentence-b&arders as indicating 'Beginning' ox 'End' of the

sentence inserted within the boarders of another sentence, Among
Bl 1/ See above our definition of the term.
|
21
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other more particular cases, that of sentences where subject and
predicate are separated by an attributive or other subordinate
clause, -is analysed here, Initial, middle er final position of the
nonpredicative piece of thea;:eroken sentence is cons idered deaisive
for the order in which theyhdealt with ,

Boarders of the sentences which have not becn recognized as
'insertions' within other sentences are qualified as SD (Sentence
Division); since neither ‘Beginning' nor 'En\' indication is consi-
dered necessary here,

The information obtained by application of the 'Syntaz Analy-

sis' routine is exiremely valuable, ss long as syntactical units

for furtbe Analysis are marked out, Nouns, Numerals and Adjecti-~

ves avre aunalyzed within these units; the order in which Syntactiocal

units are treated being as :ndicated below; .

I, Sentence (minus all Parenthexical and Comparative or Attributive
wordegroups)y .

2, Comparative and Atiributi¥e worde-groups minus Paronthetical vord-
groups) within this sentencej

3, Parenthetical word-groups within this sentence;

4, Next Sentence (minus all Parenthetical and Comparative woxrde-- -
groups) ; l

Step ¢ is again followed by Steps 2,3,4 aso,, ' till the last sen-

tonce is loeked through,

P24, The'Noun Analysis' routine is devised so as to cover the

analysis of two word-classes, which are Nouns and Humerals. Tho so-

-~called ‘ordinal numerals' being qualified as Adjectives/5/, only

cardinal numerals are termed Numerals hore, These¢ are not onteresd
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into the class of Nouns owing to their morphologioal peculiaritiee.

The routine is8 divided into two partis, the development of CASE
indication being the target of part 1, wherxeas 4n part I1 the indioa~-
tion of NUMBER is developed. The two parts differ in scope as Qell‘
as in method.’

in Part I, where both Nouns and Numerals ore sreated syntactio-

al methods are used, since qualification of noung inflected with
wign v ¥ 0 oF nYAN® has been achieved at an earlier stage (see
7able No B). Grammatical context of the analysed Noun oF Numeral 1is
cheoked up Xor the prosence of so0Be ’govirning' oy ¢t guordinating’
element preceding the analyazed word. prepositions, vervs, verbal
nouns and numerals belong to the 'governing' group, vhereas éonjuo-
¢ions and punctuation maxks with indication 'Homogeﬁeous' or conjung-
tions of comparison are considersd 'ooordinatlng'. In both cases
the indication required is taken trom one of theo preceding wordsy
eitherx governing or coordinated with the analyzed one. if neither
4g the case, other patterns are applied. Special attention is
given %o Conjunctive Nouns,

as to Part II of the routine, Nouns are the only olass of
woprds analyzed here, morphologioal nethods providing the most im-
portant information for developing the indication of number. I
the word 18 vinfiectedt’/, the mumber is dofined as vpiural’,
otherwise syntactical methods are applied.

Mention should be made of the faot, that pattexns of gramne=
tical context are golved here so as to reflect the peculiarities of

Number ana Case torms in the English and Russian languages. Thus,

1/ gee Notes on 7able No 5.

23
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v+i th numbey indicetiuns, difterences in classifying nouns into
1gountables? and tuncauntadbles’ in English and in Russian are tu-
%en »nto account, .Juony othier jdiouatic constructions in Russinn
that of 'Nuzieral + Noun' combination, where the Numeral has retain-
ad the old 1qual' government, ghould be pointed out. Certain pecu-=
liarities in Russian verb government are also given consideration.

’ Syntactioally, Nouns and Numerals. are classified only when used

in the function of an Atribute or Subject of the sentence,

B.5. The 1adiective Analysis’® routine comes the last in the

geries of English Analysis routines which develop grammatical in-
dications to be used in the Russian synthesis routines. Informetion
acquired of the Adjectives (and Participles) of the text includes
the indications of gender, number, ©ase, degree of gomparison and
ghort/full form. In addition to these, the indications of fSubs tan-
tivized® or 1adverbial Adjective®  are doveloped.

preliminay ckeck-ups for the abgenos ef indications required
e followed by .esting the morphological structure and syntactical
envivonment of the analyged word. The main jntereast of the testing
procedure lies in ginding out whether the analyzed word 1s élaoed in
the atiributive position towards soms noun of the sentogcel/. 1f the
gearch is positivo, it becomes VOry important to pick up the right
poun, which in some cases is not 2 very easy task.

Another important search is aimed at establishing a predicative

position o2 the analyzed word., Finally, it the search is negatives

- the
1/ Sometimes it can ve a noun of another sentence, 38 in case of
conjunctive adjectives.

24
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the wor 18 quaiific. oo ‘Substontivized’,

ranres of sord=yrdor! routine is meant te qive a

B.6, the *v
tfinal touch® to the translatod text before the §ynthosis routines

are anplied,
chpliah patterns of word-order which do not correspond to flugsi-

an patterns are recomposcd, 1t is remarkable, however, that these re-
compositivnsare wostly of local oharacter,

ihe wost important changes of word=or er, perdomed in accordance
with this routlnel/o are due to the differcnce in the position of ‘
attributes expre sed by nouns or noun combinationg(sSce TablesNo i1
and 12 s well as in the ecxpression of negatfion in the kEpglish and

Nussinn languages,
;ther echnnge:. are of no narticular importance,

v Ay e e

4, Conclucsions,

The *~art of the wh:le method suggested above lics in the nost

¥

carefu. !
very delnii.. Lubseguent comparison of these discoriptionsheing the

of every language inoluded in tho MY system, a

bagis of L1 researen.,
“he compalise: of the Lnglish and Russian langoages in the cour-

se of VT studies a8 proved to be more fruitgful than could have

been suppo: e, insofe=:r as the structure of these languages has heen

found strisinrly alike, up to a groat many details, For this reason,

an atterst was sade to work out an Anglo-Rugslan MT scheme where ma=-
cimpm similinzicies found in the structures of the two 1 nguages

i/ Certain pore speecizlized chanres of wordeorder are performed nt
Sections B,I, and [,2),

an ear iev stoge O Analyuiis (See abeve:
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ould Lo Wy o e

cwlng U tida, sruetin 1 oof on futlativne of the tPansistod
text hove hoon resiricted 4n the present schese of LT o aueh wie
nlunm ag omittoneo and isnsortion of Just a few ‘holping' words oz
puncluation marks and .1 few {local) changes of wordsgrdoyr, Novertho-
loas, tho tronalitions thus obtainol are gquite adoequate for undeye
ste ding apg do nod require nosi=sditing, as can bo scen in tho asam, -

les oitod holow {uee inbleos ‘o8 3,2,3 ond 4),
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swenpct fnet tuls of Comyutirg kechimery

~amdr daie uf ¢a~rpnical Scl2nCgE TxT.S}ﬁchukf
d4 (.D6brorndsloy.,
.LL()_O\I"."A:' ANL B:A_C‘.ll.’*t‘: LocIC Poi SOL/IING £ ¢03L3ILS STAT

ONZCTED WITH LEi I37IOMTTAL  ANALISIS OF THE AC-
TIVITY OF MANUFPACTUIING PLANTS

2
o

{.7"Le anwslysis of the activity and managensnt of an
fidustcrial anterprien s pagad on the study of information
sbtained both in the coursse of aanufaocturing procoessos and
from outside.

As & ruls,ths information nword"comprises two elensnte!
ths olassgification group and the base.2us first definse the
{information sesonomio attributes,whils the gsoond is & con-
orate or an abetrast numbsr.

2.,accounting and planning algorithms are obtained by
maans of ocompylex apora{tons ip which 8are involved both the
classification goouts and tnasce.These operations are limited
to a compa:atively vpmall 8at nf standard operatote.

tim
he

3.The standardigation of operators allows to op
t

ths dowiga and charscteriwiice > ths sachinses f-°r
matlon of eo0dnurmio sgtimates and oslculations taxing into

coneideration ths 8coHps of procescad information anl ths

predaterminaed terms for obtaining the reaquired regults,as
well ss the relinbility,ths cost and the servics co>pnditions
2? the nacains,

4.7he rsalization of the afors mantioned poirte is 1l1l¢-
strated by tha axample of o machine intended _ for economio
analysis,which 1is at the present time under deveslopment.

5.7he sconomiao efficliaency of & machine 1e dstermined not
suly by the weductinp of ladoar expended in procassing infor-
mation but slso by the affsot obtainad in reducing the log
1a time in ths data procasuing circuit.

6.Purthar developmant of msans of automation for mapage-
mant contral at manufacturing plante ascsswiatee the use of
mathematic schenes,these baing adsquats %o actusl manegement
pystems,and of affactivs algorithms ensuring realization of
an optimum managaomant proosas.uoreovar.it is necessary to pro-
cead with futher tpvswtigationc on the economliec efficiency of
machinse intandsd for the autonatic managament control of

ipdustrial plents.
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